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LETTER OF TRANSMITTAL, 



Watebtown Absenal, 
Wdtertown, Mass.j August 80. 1916. 
From: Commanding Officer. 
To: Chief of Ordnance. 
^ Subject: Annual report of ''Teste of metals, etc./' for year ending 
Jime 30, 1916. 

1. The annual report of tests of iron, steel, and other materials 
made at this arsenal during the fiscal year ending June 30, 1916, is 
submitted herewith. 

2. The total number of specimens tested during the year was 5,814, 
classified as follows: 

For Ordnance Department 5, 196 

Other Government departments 187 

Commercial tests for private parties 431 

Total 6,814 

This shows an increase of 21.1 per cent over the figures for last year. 
The receipte and expenditures were as follows: 

Amount allotted for testing machine and testing work $15, 098. 31 

Received from private tests 686. 60 

Total received 16,784.91 

Amount expended for services and labor 10,637.38 

Amount expended for light, power, tools, implements, and material 
for testa , 6,247.53 

Total expended ." 15,784.91 

3. The work of the laboratory has been divided as in former years 
among the following classes: 

A. Koutine testing of manufactured and purchased material and 
tests in connection with current operations of the arsenal. 

B, Investigative tests. — 1. Material submitted to the department 
claimed to be of novel or superior value for its use. 2. Material 
which has developed defects in manufacture or service. 

C. Research, — Instituted for the purpose of improving ordnance 
materials, or the technique of their manufactiure. 

D, Private tests, — ^All tests of the above classes are herein reported 
in such detail as the nature of the tests and importance of included 
information appear to justify. 

4. The following investigations have been initiated and valuable 
intermediate results obtained, but are not as yet sufficiently com- 
pleted to permit submitting any report this year: 

(a) Effect of mass on properties obtained by quenching. 
(&) Investigation of ^'arbitration bar.'' 

(c) Investigation of significance of the Charpy shock test. 

(d) Study of heat treatment of nickel-chrome steels. 

{e) Determination of occluded gases in cast and forged steels. 

m > 



IV LETTER OP TRANSMITTAL. 

(/) Investigation of special heat treatment of cast steel under pro- 
gram drawn up by Prof. Albert Sauveur. 

(g) Investigation of physical qualities of gun wire at temperatures 
necessary to relining oi gims. 

5. The following equipment has been added to the laboratory: 
One hydraulic pump with variable-speed motor and automatic 

control to supply pressure for the 100,000-pound testing machine. 

One Brinnell meter. 

One chronograph for use in taking cooling curves. 

In addition to the above, the equipment of the microscopic room 
and the dark room has been rearranged and improved so as to increase 
their convenience and efficiency. 

6. The work on erosion, in wnich experimental pressure plugs have 
been subjected to the effect of actual firings, has been continued under 
the direction of Dr. Henry Fay and interesting, though as yet incon- 
dusive, results have been obtained. This mvestigation is being 
continued. 

C. B. Wheeler, 
Colonel, Ordnance Department. 
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TESTS AND AHAITSES OF MATEBIAL PUBGHASED AND 
MANTJFACTXTBED AT WATEBTOWN ABSENAI. 

PHYSICAL TESTS. 

During the year physical tests were made on the following: 

Forged steel 1,176 

Oast steel 684 

Iron 96 

Bronze 234 

Oharp^ tests 2,104 

Ezpenmental tests 262 

Purchased material 651 

Other Govenunent departments - 187 

Total 6,383 

Four hundred and thirty-one tests were made for private parties. 

CHEMICAL ANALYSES. 

During the year 1,096 analyses were made, classified as follows: 

Cast irons 174 

Steels 686 

Copper, zinc, nickel, etc 21 

Nonierrous alloys 24 

Foundry facings, sand, etc 43 

Coke 24 

Oils and paints 46 

Flue gases and water 39 

Cement 17 

Miscellaneous ^ 22 

Total 1,096 
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WIRE ROPE. 



WIKE BOPE. 



TElfSIIE TESTS OF WIKE KOPE. 



[Ropes prepared for testing .with closed sockets at the ends. All spedmens had hemp cores.] 



Description. 



Phosphor-bronze tiller rope. 
Steel-wire hoisting rope 

Do 

Do 

Steel-wire rope 

Plow-steel hoisting rope 

Do 

Do 

Do 

Do 

Do 

Steel-wire rope 

Do 

Plow-steel hoisting rope 

Do 

Plow-steel wire rope 

Do 

Do 

Steel cable 

Plow-steel crane rope 

Do 

Do 

Do 



Nominal 
sixe diam- 
eter. 



Inehet. 



Length 
between 
sockets. 



Ft. In. 
8 
9 U 
9 8 
9 8 
9 4 



9 <H 

9 7 

7 7 

7 Hi 



1 


1 


9 


7 


9 


5 


9 


6 



9 3i 
9 2 



7 
9 
9 
9 
9 
9 
9 
7 



5i 

4 

3 

3 

3 

3 

2 

2 



Actual size 
diameter. 



IneMei. 
0.25 
.38 
.38 
.39 
.49 
.68 
.58 

.59 
.68 
.68 
.77 
.76 

• <w 

• cW 

.91 
.91 
.92 
1.02 
1.02 
1.25 
1.26 
1.26 



Number of 
strands. 



6 
6 
6 
6 
6 

8 
8 
8 
6 
6 
6 
6 
6 
6 
8 
8 
8 
6 
6 
8 
8 
8 



Description. 



Number of 



Breaking 



™!f„^' strength 



strand. 



Phosphor bronze tiller rope 
Steel-wire hoisting rope 

Do 

Do 

Steel-wire rope 

Plow-steel hoisting rope 

Do 

Do 

Do 

Do 

Do 

Steel-wire rope 

Do 

Plow-steel hoisting rope . . . 

Do 

Plow-steel wire rope 

Do 

Do 

Steel cable 

Plow-steel crane rope 

Do 

Do 

Do 



7 
19 
37 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
37 
37 
19 
19 
19 
19 
37 
19 
19 
19 



Pounds. 

1,800 

9,800 

10,500 

11,000 

17,900 

19,500 

25,400 

22,700 

24,700 

45,400 

38,500 

38,900 

37,200 

61,600 

58,000 

48,700 

49,900 

59,200 

75,200 

82,600 

104,100 

114,200 

114,200 



Parted. 



6 strands 
3 strands 
5 strands 
5 strands 
3 strands 
3 strands 
5 strands 
3 strands 
5 strands 
3 strands 

2 strands 

3 strands 
3 strands 

3 strands 

4 strands 

5 strands 

6 strands 

4 strands 
3 strands 
3 strands 

3 strands 

5 strands 

4 strands 



at end of socket. 

12 inches from end of socket. 

at middle of length. 

at end of socket. 

36 inches from end of socket. 

28 inches from end of socket. 

30 inches from end of socket. 

11 inches from end of socket. 

at middle of length. 

at middle of length. 

45 in<dies from end of socket. 

16 inches from end of socket. 

at middle of length. 

at middle of length. 

at middle of length. 

at end of socket. 

at end of socket. 

at middle of length. 

30 inches from end of socket. 

22 inches from end of socket. 

19 inches from end of socket. 

at end of socket. 

3 inches from end of socket. 
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MANILA ROPE. 



UANILA 60PB. 



TEVSILE TESTS OF MANILA ROPE (S-STKAHD). 

|Bop« prepaisd for taaUng with flT»<plloe* M tlu CDdi, and then wetting the jpliDes. Length o( eampl* 
betwecD aplieei equal sii (B) feet.] 



Nominal Hm. 




Tei 








Seo- : 










^m^' 


Orcam- 




****" 1 Loed. 






hKka. 1 Incia. 


Sq.i«.\P««td,. 


















37 : : h 
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81 


ivW 


2.68 







11 tested betn-een llirturt 



SPRINGS. 
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10 SPBINGS. 

COMPBESSIVE TESTS OF SPRIITOS. 

During the year 161 springs for grease cups were tested. The re- 
quirements for these springs were as follows: 

Solid height, not more than G.75 inch. 

Load when solid, not less than 552 poimds. 

Final free height, not less than 1.312 inches. 

Inside diameter free, not less than 0.687 inch. 

Eighty-five springs for 6-inch dummy projectiles were tested. The 

quirements were as follows : 

Assembled height, 2.375 inches. 

Load at assembled height, not less than 16.4 poimds. 

Solid height, not more than 1.71 inches. 

Ninety springs for 4.72-inch dummy projectiles were tested. The 
requirements were as follows : 

Assembled height, 0.7 inch. 

Load at assembled height, 4.25 pounds. 

Solid height, 0.462 inch. 

Load at solid height, 10.94 pounds. 

Twenty-one pawl springs for 6-inch D. C, model of 1898, were 
tested. The requirements were as follows : 

Free length, 6.66 inches. 

Extension at 105 pounds, not more than 0.33 inch. 

Extension at 262 pounds, not more than 0.83 inch. 

Final free length, 6.66 inches. 

One spring for 12-inch dummy projectile was also tested. The 
requirements were as f oUows : 

Outside diameter soUd, not more than 5.125 inches. 

Liside diameter free, not less than 2.875 inches. 

Solid height, not more than 5 inches. 

Assembled height, 5.625 inches. 

Load at assembled height, not less than 1,000 pounds. 
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CHAIHS. 

Tensile tests of spedmena from i, fy and H inch chains, also 

{>roof stress applied to 36 lengths of ^inch chain with shackles; 24 
engths of l^-mch chain with shackles, pins, and links; 48 pieces of 
J-inch chain with shackles, pins, and Irnks; and 48 tumbuckles with 
bolts, for The Panama Canal, Purchasing Department, Washington, 
D. C. 

The inspector's mark '^U. S. 14 '^ was stamped on one end link of 
each chain and on link of each tumbuckle, also on one end of each 
of the three samples of three links each, which were forwarded for 
the breaking test. 

SPECIFICATIONS. 

Chain to be of good quaUty of tough wrought iron. Link to have 
a long welded lap on the end. Chain to be imiform throughout and 
to be free from all surface or other serious defects. 

All chaifL shall stand proof strains given below, without deforma- 
tion and with an elongation of not more than 6 per cent, and one 
piece taken from every 500 feet of chain must stand a breaking test 
of twice the proof strains. 

^-inch 7,000 pounds. 

1-inch 16,000 pounds. 

IJ-inch 32,000 pounds. 

BREAKING TEST. 



Size. 


No. of 
link. 


Diameter 
of wire. 


Length 
oflinlr. 


Width 
of link. 


Tensile 
strength. 


Remarks. 

1 


Inches. 

! 


3 
3 
3 


Iw^ies. 
0.52 
.76 
1.12 


Inches. 
2.61 
3.80 
5.45 


Inches. 
1.71 
2.49 
3.66 


Pounds. 
18,500 
35,800 
84,200 


1 

Fractured end link, welded end. 
Do. 
Do. 

1 



PROOF STRES3 OF IJ-INCH CHAIN. 



Length contains eight links of 1^-inch chain. Measurements taken 
over ends of 1 J-inch chain at an initial load of 200 pounds. 

Chains were numbered for identification. Numbers were put on 
head of pin of shackles. 



CHAIN. 
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ll-INCH CHAIN. 



Number. 


Length at— 






1 

i 

J 

1 


200 
pounds. 


32,000 
pounds. 


200 
pounds. 


Elongfttion. 


Remarks. 

1 

I 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

. 14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


Inches. 
28.75 
28.50 
28.80 
28.65 
28.65 
28.65 
28.60 
28.95 
■28.70 
28.40 
28.35 
28.70 
28.50 
28.53 
28.45 
28.60 
28.67 
28.85 
28.76 
28.80 
28.35 
28.74 
28.68 
28.43 


Inches. 
28.90 
28.70 
28.95 
28.80 
28.75 
28.80 
28.65 
29.10 
28.90 
28.50 
28.50 
28.85 
28.66 
28.70 
28.60 
28.72 
28.80 
29.04 
28.92 
28.97 
28.60 
28.90 
28.84 
28.68 


Inches. 
28.80 
28.60 
28.90 
28.70 
28.70 
28.75 
28.55 
29.05 
28.80 
28.45 
28.45 
28.80 
28.60 
28.60 
28.50 
28.61 
28.74 
28.94 
28.84 
28.86 
28.53 
28.82 
28.73 
28.55 


Inches. 
a 15 
.20 
.15 
.15 
.10 
.15 
.15 
.15 
.20 
.10 
.15 
.15 
.16 
.17 
.15 
.12 
.13 
.19 
.17 
.17 
.25 
.16 
.16 
.25 


Percent. 
0.52 
.70 
.52 
.52 
.34 
.52 
.52 
.51 
.69 
.35 
.52 
.52 
.56 
.50 
.52 
.41 
.45 
.65 
.59 
.59 
.88 
.55 
.55 
.87 


1 

1 
End link partly fractured. 

Do. 
Do. 

Do. 

End link split in weld. 
Do. 



PROOF STRESS OF i-INCH CHAIN. 

(A gauge length of 48 inches was established on chain at an initial load of 100 pounds. Chains were num- 
bered for identification. Numbers were put on head of pin of 'shackles.] 



Number. 


Length at— 














Elongation. 


Remarks. , 




100 


7,000 


100 




■ 




pounds. 


pounds. 


pounds. 








Inches. 


Inches. 


Inches. 


Inches. 


Percent. 




1 


48 


48.95 


48.80 


0.05 


L9 




2 


48 


49.08 


48.93 


1.08 


2.2 




3 


48 


49.08 


48.93 


L08 


2.2 




4 


48. 


48.06 


48.80 


.05 


L9 


• 


5 


48 


49.00 


48.88 


1.00 


2.0 




6 


48 


49.03 


48.89 


LOS 


2.1 




7 


48 


48.90 


48.77 


.00 


L8 




8 


48 


49.04 


48.80 


L04 


2.1 




9 


48 


49.03 


48.90 


L03 


2.1 




10 


48 


48.80 


48.65 


.80 


L6 




11 


48 


49.00 


48.87 


LOO 


2.0 




12 


48 


48.95 


48.80 


.06 


L9 


13 


48 


49.14 


48.90 


L14 


2.3 


14 


48 


48.95 


48.82 


.05 


L9 


15 


48 


49.00 


48.88 


LOO 


2.0 1 


16 


48 


48.90 


48.75 


.00 


L8 ! 


17 


48 


49.03 


48.87 


L03 


2.1 1 


18' 


48 


48.90 


48.78 


.00 


L8 ' 


19 


48 


49.00 


48.87 


LOO 


2.0 


20 


48 


49.10 


48.95 


LIO 


2.2 


21 


48 


49.03 


48.88 


L03 


2.1 




22 


48 


48.97 


48.83 


.07 


2.0 




23 


48 


. 48.95 


48.82 


.95 


L9 




24 


48 


48.95 


48.83 


.95 


L9 




25 


48 


49.07 


48.95 


L07 


2.2 




26 


48 


49.05 


48.92 


L05 


2.1 




27 


48 


49.00 


48.85 


LOO 


2.0 




28 


48 


48.90 


48.87 


.90 


L8 




29 


48 


48.97 


48.83 


.97 


2.0 




80 


48 


48.98 


48.83 


.98 


2.0 




31 


48 


49.08 


48.93 


L08 


2.2 




32 


48 


49.10 


48.95 


LIO 


2.2 




33 


48 


49.00 


48.85 


LOO 


2.0 




34 


48 


49.15 


49.00 


L15 


2.3 




35 


48 


48.95 


48.80 


.95 


L9 




36 


48 


49.00 


48.87 


LOO 


2.0 
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PROOF STRESS OF TURNBUCKLE8. 

A gauge length of 33 inches was established an the bolts of the tambacUes at all initial load of aoo pounds. 
TnmbacUes were nambered for identification. Numbers were put on end of bcdt.] 



1 

1 


Length at- 







Number. 






Elongation. 




200 


16,000 


200 






pounds. 


pounds. 


pounds. 


1 


1 


Ineket. 


Inehet. 


Inehet. 


1 
Inch. Per cent. 


1 


33 


33.07 


33.00 


0.07 ; 0.21 • 


2 


33 


33.06 


33.00 


.06 


.18 . 


3 


83 


33.03 


33.00 


.03 


.09 


4 


33 


33.04 


33.00 


.04 ' .12 1 


5 


33 


33.03 


33.00 


.03 


.09 < 


6 


33 


33.04 


33.00 


.04 


.12 1 


7 


33 


33.03 


33.00 


.03 .09 , 


8 


33 


33.04 


33.00 


.04 ; .12 ! 


9 


33 


33.05 


33.00 


.05 


.15 ; 


10 


33 


33.03 


33.00 


.03 


.09 


11 


33 


33.03 


33.00 


.03 


.09 


12 


33 


33.02 


33.00 


.02 


.06 


13 


33 


33.05 


33.02 


.05 


.15 ' 


14 
15 


33 
33 


33.00 
33.04 


33.00 
33.00 




1 


."oi" 


.12 


16 
17 


33 
33 


33.00 
33.03 


33.00 
33.00 




■ ■**«s«a*«| 


.03 


.09 1 


18 


33 


33.05 


33.03 


.05 


.15 


19 


33 


33.03 


33.00 


.03 


.09 


ao 


33 


33.05 


33.00 


.05 


.15 1 


21 


33 


33.09 


33.05 


.09 


.27 


22 


33 


33.06 


33.02 


.06 


.18 : 


23 


33 


33.05 


33.00 


.05 


.15 1 


24 


33 


33.05 


33.02 


.05 


.16 . 


26 


33 


33.09 


33.03 


.09 


.27 ; 


26 
27 


33 
33 


33.00 
33.04 


33.00 
33.00 




1 


.04" 


.ii" 


28 


33 


33.05 


33.02 


.05 


.15 


29 


33 


33.07 


33.00 


.07 


.21 


30 


33 


33.04 


33.02 


.04 


.12 


31 


33 


33.04 


33.00 


.04 


.12 


32 


33 


33.04 


33.00 


.04 


.12 , 


33 


33 


33.11 


33.05 


.11 


.33 ; 


34 


33 


33.06 


33.02 


.06 


.18 


35 


33 


33.05 


33.00 


.05 


.15 


36 


33 


33.07 


33.02 


.07 


.21 


37 


33 


33.05 


33.00 


.05 


.15 


38 


33 


33.04 


33.00 


.04 


.12 


39 


33 


33.06 


33.00 


.06 


.18 ; 


40 


33 


33.05 


33.00 


.06 


.15 


41 


. 33 


33.02 


33.00 


.02 


.06 


42 


33 


33.05 


33.02 


.05 


.15 


43 


33 


33.02 


33.00 


.02 


.06 , 


44 


33 


33.03 


33.00 


.03 


.09 1 


45 


33 


33.05 


33.02 


.06 


.15 ; 


46 


33 


33.05 


33.00 


.06 


.15 


47 


33 


33.08 


33.02 


.08 


.24 


48 


33 


33.05 


33.00 


.05 


.15 ! 

1 
1 
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PROOF STRESS OF |-INCH CHAIN. 

[Leocth o( chain, 16 feet 4 inobes. A gauge length of 150 inches was established on chain at an initial load 
of 200 pounds. Chains wen numbered for identification. Numbers vera put on head of pin of shaeUe.] 



Number. 


Length at— 












' Elongation. 




200 


16,000 


200 






pounds. 


pounds. 
Inches. 


pounds. 






Inches. 


Inches. 


Inches. 


Percent. 


1 


150 


150.75 


150.36 


a76 


0.60 


2 


150 


15a 80 


150.36 


.80 


.63 


3 


150 


150.00 


150.44 


.00 


.60 


4 


150 


161.35 


150.03 


1.36 


.00 


6 


150 


150.88 


150.38 


.88 


.58 


6 


150 


161.14 


150.65 


1.14 


.76 


7 

18 




150 


150.05 


150.40 


.06 


.63 


iib" 


"i56.'oi 


150.44 


.01 


.60 


10 


150 


150.86 


150.38 


.86 


.56 


11 


150 


150.83 


150.31 


.83 


.66 


12 


150 


150.04 


150.40 


.04 


.62 



Remarks. 



1 At 16,800 fractured end link, welded end. 

[Length of chain, 10 feet 4 inches. A gauge length of 180 inches was established on chain at an initial load 

of 200 pounds.] 



13 

14 
16 
16 
17 
18 
24 
10 
120 
21 
22 
23 
24 

1 


1 

180 

180 
180 
180 
180 
180 
180 
180 


181. 14 

18L 17 
181.10 
181.40 
181.56 
181.30 
180.05 
181.66 


1 

180.67 

180.56 
180.55 
180.78 
180.06 
180.71 
180.36 
181.04 


L14 

1.17 
1.10 
1.40 
L66 
1.30 
.06 
1.65 


0.63 

.65 
.61 
.77 
.86 
.72 
.62 
.01 


End Ifaik partly fractured, shackle 
end. 

End link partly fmctured. 

Do. 
In cask No. 3. 


180 
180 
180 


181.18 
18L24 
181.40 


180.68 
180.82 
18L00 


LIS 
L24 
L40 


.66 
.68 
.82 













1 At 16,000 pounds fractured end link, welded end. 

[Langth of diain, 37 feet 6 inches. Chains were tested in two sections. A gauge length of 180 inchea 

established on each section at an initial load of 200 pounds.) 



25 


1 

/ 180 

1 180 


18L28 
180.00 


180.67 
180.40 


L28 
.06 


0.71 
.63 


End link partly fnctvand. 
\ End shackle. 


26 


/ 180 


180.03 


180.64 


.03 


.61 




1 180 


18L00 


180.40 


LOO 


.66 




27 


/ 180 


181.63 


181.00 


L53 


.85 




1 180 


18L56 


180.08 


L66 


.86 




28 


/ 180 


181.40 


180.80 


L40 


.77 




1 180 


18L86 


181.26 


L86 


LOS 




20 


/ 180 


18L60 


181. 14 


L60 


.88 




) 180 


181.78 


181.25 


L78 


.08 




30 


1 180 


18L32 


180.68 


L32 


.73 




1 180 


18L27 


' 180.63 


L27 


.70 


End link partly fractured. 


31 


/ 180 


181. 16 


180.48 


L16 


.63 




1 180 


181.27 


180.64 


L27 


.70 


Do. 


32 


/ 180 


18L06 


180.43 


L05 


.68 




1 180 


18L02 


180.40 


L02 


.56 




33 

1 


/ 180 1 


18L37 


180.75 


1.37 


.76 




1 180 i 


18L30 


180.65 


L30 


.72 




34 


/ 180 : 


18L37 


180.76 


L37 


.76 


Do. 


I 180 ; 


181. 73 


181. 12 


L73 


.06 




35 


/ 180 1 

I 180 { 


181. 10 


18L48 


LIO 


.61 


Do. 


181.26 


180.63 


L25 


.00 




36 

1 


/ 180 1 
\ 180 


18L36 


180.73 


L35 


.76 ' 


Do. 


181.37 


180.73 


1.37 


.76 , 
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CHAIN. 



PROOF STRESS OF fINCH CHAIN-Contfaraed. 

(Length of chain, 30 feet 6 indhes. Chains were tasted in two aeottont. Agaofs length of IflO 

established on each section at an initial load of 200 pounds.] 



Number. 


Length at— 














Elongation. 




200 


16,000 


200 








pounds. 


I>oands. 


pounds. 








Inches. 


Inehet. 


Inehet. 


Indus. 


Per cent 




37 


f 150 


161.07 


150.57 


L07 


a 71 




\ 150 


150.90 


150.40 


.90 


.60 




38 


/ 150 


151.02 


150.52 


1.02 


.68 




1 150 


150.90 


150.35 


.00 


.60 




30 


/ 150 


151.03 


150.47 


1.03 


.68 




1 150 


151.20 


15a 70 


1.20 


.80 




40 


/ 150 


151.10 


150.60 


1.10 


.73 




\ 150 


150.03 


15a 40 


.93 


.62 




41 


/ 150 


150.90 


150.38 


.90 


.60 




1 150 


151. 10 


150.60 


1.10 


.73 




42 


/ 160 


160.90 


150.40 


.90 


.60 




\ 150 


150.93 


150.40 


.93 


.62 




43 


/ 150 


150.72 


150.22 


.72 


•^ 


Split in weld, shackle end. 


1 150 


150.88 


150.43 


.88 


.58 




44 


^ 150 


151.03 


160.50 


1.03 


.68 




150 


150.87 


150.35 


.87 


.58 




45 


/ 160 


160.92 


160.43 


.92 


.61 




\ 150 


160.92 


160.40 


.92 


.61 




46 


/ 150 


150.92 


160.40 


.92 


.61 




\ 150 


160.96 


160.46 


.98 


.65 




1 

47 


/ 150 


151.03 


160.50 


1.03 


.68 




1 150 


151.08 


160.65 


1.08 .72 




48 


/ 160 


150.93 


160.40 


.93 


.62 




\ 160 


161.03 


150.60 


1.03 


.68 





PROOF STRESSES APPLIED TO SUNG CHAIN. 

During the year thirty-nine |-inch sling chains were tested. The 
requirements were as follows: 

Maximum load in service, 12,500 poimds. 

Proof load, 16,000 pounds. 

Elongation, not to exceed 10 per cent. 

Proof stresses were also apphed to five sUng chains J inch diameter. 
The requirements were as follows : 

Maximum load in service, 5,600 poimds. 

Proof load, 7,000 pounds. 

Elongation, not to exceed 10 per cent. 



RUBBER. 
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BUBBEB. 



TS¥SIL£ TESTS OF COVEBIVO SUBBES. 















,»«ae«a«HC 


l«a* «#* ^ J 






1 

1 






1 

1 

1 
1 


; 


Tensile strength. 


Elonertianin 
2 inches. 


1 
1 




Length 






Seo- 
tknal 
ana. 






- 


t 




I 




Maria. 


> of Sam- 

'plaovcr 

aU. 


Width. 


TlndC' 
ness. 




Stress 
(pounds 


1 

i»*--<^. 


Parted. 

* 










Load. 


P«r 


( 














square 


















inch). 


1 


1 
1 




1 
Jnehet. 


Inches. 


/iKft. 


Sq.in. 
0.404 


Pounds. 










A 


12.00 


1.01 


0.40 


242 


589 


4.90 


245.0 


Inside gauge marks. 


B 


12.00 


.97 


.40 


.388 


247 


096 


6.01 


900.5 


Oatside gauge marks. 


c 


12.00 


.99 


.40 


.996 


225 


568 


5.40 


270.5 


Da 


D 


10.00 


.96 


.42 


.403 


165 


400 


6.05 


302.5 


Inside gauge marka. 


£ 


10.00 


.96 


.42. 


.412 


162 


393 


6.50 


326.0 


Do. 


F 


10.00 


.96 


.42 


.412 


165 


400 


5.81 


290.5 


Inside guage marks. 


O 


10.00 


.96 


.41 


.401 


193 


481 


6.00 


300.0 


H 


10.00 


.96 


.40 


.384 


189 


492 


5.83 


291.5 j Do. 


I 


10.00 


.96 


.40 


• vcH 


189 


485 


5.42 


271.0 , Do. 


J 


9.50 


.95 


.44 


.418 


448 


1,070 


1.42 


71.0 Across one gauge mariL 


K 


7.00 


1.00 


.42 


.420 


sao 


1,238 


5.82 


201.0 Outside gaoge marks at 
1 end ofspedmen. 


L 


7.00 


1.00 


.42 


.420 


525 


1,260 


4.51 


225.5 i Do. 


M 


7.00 


.97 


.41 


.400 


500 


1,475 


5.26 


263.0 Do. 


N 


7.00 


1.00 


.41 


.410 


005 


1,475 


5.50 


225.0 1 Do. 


O 


7.00 


1.00 


.41 


.410 


510 


1,243 


4.46 


223.0 


Do. 


P 


7.00 


.98 


.41 


.400 


527 


1,317 


4.90 


245.0 


Do. 



COICPBESSION TESTS OF BUBBEB SHOT-TBUCK TIBB8. 

During the year 151 rubber shot-truck tires were tested in com- 
pression. A compressive load was applied to the face of the tire on 
a block 1 inch square. The compression was measured at loads of 
500 and 1,000 pounds. 



COPPER ROTATING BANDS. 
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COPPEB BOTATING BANDS. 
COFFEE SOTATINO BANDS. 

TentiU tett* of udiora from eopper rotating bandi. 





width 


Thliik- 


,& 


T„ 


islteMrength. 








Load. 


per 

5ar 


S'SST 




iKlta. 
'.Tb 


a4G2 1 aU2 
.219 1 .IM 

■19! 1 -^ 


i>««di. 


HBIO 


fnck. Ip.cf. 
0.% 4S.0 




S 

: 






lie 1 33,«i2 




90 U.0 






aso a; 


410 
950 


1 

62 


as 







in 


1 

30 

1 

43 


0.29 
|:62 

|.52 

■1 

























Sec- 


? 


areii. 




'.m 


J*, a. 

62! 5 


.036 


«■« 


■!^ 




:^ 


54.0 1 



Appurance of ' 



□ which fractute oc 



• V 



PISTON RODS. 
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22 PISTON BODS. 

PBOOF STBESSES APPLIED TO PISTOIT BODS. 

During the year proof stresses were applied to 13 piston rods as 
f oflows : 

Fifteen-pounder B. C, model 1903, 4 rods; 7.6-inch howitzer car- 
riage, model 1915, 1 rod; 12-inch mortar carriage, model 1896, Mil 
4 rods; 14-inch disappearing carriage, model 1896, MI, 4 rods. 

All passed satisfactory tests. 



1 



SHRAPNEL CASE. 
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SHBAPNEL CASE. 



H7DB0STATIC TEST OF OHE 4.7-]3rGH SERAPVEL CASE. 

The shrapnel case was manufactured at Watertown Arsenal from a 
bar 4f inches in diameter. 

Mark on case, 371 . 

Case etched with iodine. 

Outside diameter of case, 4.68 inches. 

Inside diameter of case, 4.28 inches. 

Length of threaded section at top was cut. 

Bored out for a length of 8.34 inches. 

Depth inside, 10.80 inches. 

Length over all outside, 11.45 inches. 

Length from top to top edge of band groove, 8.69 inches. 

Case entered testing cyhnder 1^ inches, leaving 6.84 inches length 
of reduced thickness of walls exposed to the interior pressure of the 
test. 

Diameter of piston equals 5 inches. 

Sectional area equals 19.63 square inches. 



Applied loads. 






Total 

pounds on 

piston. 


Interior 

pressure 

(pounds per 

square 

inch). 


Fiber streas 
on case 

(pounds per 
square 
inch). 


Remarks. 


219,500 


11,181 


119,645 


Ultimate strength. 1 



Case fractured into three fragments. 

Appearance of fractures, fine ffranular. 

Bnnell hardness taken on wcJl of case after the hydrostatic test. 



IMw// Har^itttB ta. 
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3JS 



ISS ZtfiC. 
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•/./J——* I ■ /. MS 



AM 



f.ap • 



/.«o ' 
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26 TWIBT DBILL& 

TEST OF HIGH-SPEED TWIST DBIILS. 

OBJECT. 

The object of this experiment was to determine diflFerences in 
microstructure of six high-speed twist drills which had been pre- 
viously subjected to a shop test to determine their relative efficiency. 

CONCLUSIONS. 

Decided differences of structure existed, and as the composition 
of the drills was so similar it seems evident that the drills were not 
heat treated in the same manner. 



EXPERIMENTAL. 

The Brinell hardness was taken on the six tested drills and all were 
found to give a hardness of 601. The failure of the Brinell test to 
show any difference in hardness is not at all surprising, as it seems 
well established that Brinell hardness is not a criterion of cutting 
efficiency. 

For purposes of comparison, the drills tested are arranged below 
in order ol their tungsten and chromium contents. 



Marks. 


Tungsten. 


Chromium. 
4.16 


Order of 
efficiency. 


A 


17.60 


1 


D 


16.95 


3.94 


4 


F 


16.65 


3.63 


6 


£ 


16.50 


3.62 


5 


B 


16.38 


3.52 


2 


c 


14.50 


2.67 


3 



It is of interest to note that the A drill has the maximum tungsten 
and chromium of any of the tested drills. 

The microstructures are shown on the following pages. The 
micrographs were all taken at 500 diameters, the specimen being 
first etched by NaOH + HjOg, and then repolished and etched with 
4 per cent HN O3 in alcohol. The etching with NaOH -f H-Oj reveals 
the carbide particles only, the matrix being unaffected. The chem- 
istry of this etching depends on the formation of tungsten oxide 
by the HgOg and its solution in NaOH. It seems that tne size and 
distribution of the excess carbides is an important factor in treated 
high-speed steels. The samples etched witn HNO3 were all etched 
two minutes. In comparing the structure of high-speed steel it is 
necessary to keep the time 01 etching uniform, as the temperature of 
quenching has a most decided influence on the time necessary for 
any given reagent to develop the structure. 

Micrograph No. 3386 (A drill) shows a decided segregation of car- 
bides and tne presence of considerable slag. Judged by this etching 
alone, this material would not be considered the best, but upon 
etching with HNO3 micrograph No. 3387, a perfectly polyhedral 
structure is developed, the matrix remaining unetched. This struc- 
ture is always typical of a tool quenched frpm a very high tempera- 
ture, and as the beneficial effects of tungsten in producing secondary 



TWIST D(BILL8. 27 

hardening are only developed by a high quench the efficiency of 
this drill is due undoubtedly to proper ^eatment. 

The structure of the B dnll, which stood next in the test, is shown 
ih microCTaphs Nos. 3388 and 3389. 

The UNO, etching is particularly interesting in that the outlines 
of the austenite grains are visible, but the matrix was decidedly 
darkened, indicating a lower quenching temperature than used for 
the A drill. 

The above comparison would apply to the other drills examined, 
and no special remarks are necessary. It is the opinion of this 
laboratory that the more nearly the quenching temperature ap- 

E roaches the liquidus point, the greater will be the efficiency of any 
igh-speed tool, other conditions remaining constant. As this tem- 
perature approaches closely 1,350^ C. it is very reasonable to suppose 
that as a twist drill would be liable to distort on quenching, the 
manufacturer for obvious reasons would not quench from so high a 
temperature. 

Tne drills tested are beins held in the laboratory for further work 
on the heat treatment of highnapeed steel. 

80816—17 3 



arkened. 500 X 



Etched 10 minutes. NaOH +H,0,. 500 X 
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30 IKTEBTIQATIVB TEBT8. 

IVVESTIGATIOVS OF XATBBIAL SUBMITTED TO THE DEPAKT- 
HEVT AS OF EOVEL OB SUPEBIOB VALITE FOB ITS ITSE. 

The following materials were submitted to the laboratory for 
an investigation as to their merit : 

1. Rapm-process steeU, — ^The samples submitted were all high in 
phosphorus and possessed little elongation or contraction of area. 

2. Semisteel, — ^The product was not superior to the cast irons 
made at this arsenal in which steel scrap is added to the cupola 
charge. 

3. Bronze. — The composition of this bronze was copper 83.5 per 
cent, tin 15.64 per cent, zinc 0.38 per cent, lead 0.40 per cent. 

4. Bronze. — Composition of this sample was copper 81.81 per cent, 
aluminum 14.70 per cent, iron 3.64 per cent. 

5. Hardened brass, — ^A report on this sample follows. 

None of the materials tested presented qualities of exceptional or 
unusual value to the Ordnance Department as compared with 
metals or alloys now in use. 

BXAIONATION OF B&A8S BAB. 

OBJECT. 

The object of the investigation was to determine if a specimen of 
brass submitted to .l^e Ordn^Tic^ Departdofesxt as; having exceptional 
and valuable hardness due to a secret process was hardened to a 
state beyond the present condition of hardness ascribed to ordinary 
brass, and if so hardened, would the hardness acquired be of value 
in the construction of ordnance material. 

OONOLUSIOl^S. 

The bar submitted was not hardened to any state beyond our 
present knowledge of the hardness of brass. The hardness of the 
specimen expressed by the Brinell hardness factor was 74. This figure 
isVthin the^ange e Wed in alpha brass. 

PBOORAM. 

Hardness tests were made at different points along the test bar 
submitted. The chemical composition was determined and the bar 
subjected to mechanical work, followed by annealing, to ascertain 
if the behavior of the sample was different from ordmary brass. 

Miscroscopical examination was made of all specimens to deter- 
mine homogeneity of structure and the structural constitution. 

The chemical composition was as follows: 

Cu. Sn. Zn. Pb. Al. Fe. 

62.41 None. 35.10 S^ None. Trace. 

Remarlcs, — ^The lead content of this sample is higher than would 
be expected in an ordinary brass. Lead is msoluble either in copper 
or zinc, and the presence of 2.36 per cent lead would have a tendency 
to decrease hardness and lower the ductility. 



^VmigTiaATIVE TESTEk 
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HABDNE8S. 

The hardness tests were taken with a 10-millimeter ball, the 
applied load being 3;000 kilograms. The bar shows less hardness 
near the center than on the outside. The Bnnell factor at center 
was 71 and at outside of bar approximately 74. These figures are 
very low as compared to hardness of forged or cast steels. Ordinary 
cartridge brass having the following composition, copper 66.6. 
zinc 33.4, will have when properly worked and annealed, a Brinell 
hardness of 100 to 150. 

The structure of the samfde of brass as received from the Ord- 
nance Office, shown in micrograph No. 3135, reveals the presence of 
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twin crystals, commonly known as twinning. This structure, as 
generally understood, is developed by cold working, followed by 
annealing. 

Two specimens weie cut from the bar approximately 1 -inch cube 
and subiected to a compression of 80,000 pounds. This pressure 
was applied in increments of 10,000 poimds. 

Ten thousand pounds was applied to face A. The specimen was 
then turned and 10,000 pounds applied to face B, after which 10,000 
pounds was applied to face C. The load was then increased to 
20,000 poimds and applied throiigh faces A, B, and C, respectively. 
This operation was repeated imtU the specimen had been subjected 
to a pressure of 80.000 poimds thiough each of its principal axes 
The Jiardness of tne two specimens thus 
worked was raised to 137, an mcrease of ap- 
proximately 80 per cent, as compared with 
the brass as received. 

The structure of the sample as hardened 
by cold work m shown in micrograph No. 
3136. This structure is often described as 
the ^'confused structure of worked brass.'' 
This confusion of structure is due to the 
presence of many slip bands occurring in ^he crystals due to the 
straining caused by cold work. 

Following the cold-working operation as described, one of the 
samples was annealed at 500° for approximately two hours. The 
BrineU hardness after this annealing was reduced to 69, which is 
slightlv softer than the sample as received. The structure devel- 
oped by this treatment is shown in micrograph No. 3137. The 
small black dots are the areas occupied by the lead. It is to be 
noted that this structure also contains many twin crystals common 
to worked and annealed brass. The structure of this sample is very 
similar to the brass as received, excepting that micrograph No. 3137 
shows a larger grain than micrograph No. 3135. 




S2 



For 



of oompaiiBoii the follawiiig hnaa has been tested 



This niAterial k a typical cartridee biasB, and, compared with the 
specimen, shows a lower zinc and lead c<Hitent. His fact does not 
▼itiate the comparison, as both are a^^ brasses containing no 
beta constituent. That is, both are simple sd&d solutions of zinc 
and copper, showing one constituoit. 

Ctftridce bnai. roUed to -^ indi and mmaled: 

Bmi^ hsidiMM . . : 13S 

Scienscope 29 

BiMB under test: 

AflreceiTed — 

Bnndl haidiMM 74 

Sderoscope 11 

Comp rc — ed iinder 80,000 pounds — 

BnneUlMudneB 187 

SdenMcope 27 

Anneftled after being compreBsed — 

Brinell hnzdnen 69 

Scleioscope 10 

A very exhaustive paper has recently been written by C. H. 
Mathewson and Arthur Phillipe, ''RecrystallizatiQn of cola-worieJ 
alpha brass on annealing/' which contains many points of interest 
bearing diiectly on such allo^ as the specimen su omitted. One of 
the tables is here included, wnich contains considerable data concern- 
ing hardness as expressed in sderoscope readings. 



Reductloo by roUlng. 



per 
cent. 



flctoroaoope number after roHtog 9.7 

Sderoscope number after 360* anneal ; 9.6 

Scleroscope number after 400* anneal 9.6 

8cfero»cope number after 560* anneal 9. 3 

Bcleroscope number after 660* anneal 8. 7 

8cleroscope number after 760° anneal > 7.7 

Bcleroscope number after 800* anneal 7.1 





* 




» 


! 1 


4 , 8 , 12 


15 1 26 ! 60 


<»per I per , per 


per per ; per 


eent. 


cent. 
! 16.2 


leant. 


cent. lent. 

1 


cent. 


1S.7 


Il7.8 


21.6 1 27.4 


38.2 


12.7 1 14.6 1 16.6 


19.6 i 2L6 


16.8 


12.0 13.2 1 13.6 


13.0 13.7 


13.6 


10 9 1 11.1 1 9.8 


9.1 1 11.8 


10.5 


9.3 


8.6 8.3 


8.6 10.2 


8.0 


8.0 


7.3 7.5 


8.3 8.2 


7.0 


7.6 


7.2 


7.3 


7.8 7.8 





It is to be noted from this table that brass of a composition closely 
approximating that of the specimen under test may be made very 
much harder than the specimen received. For example, a specimen 
having been reduced 50 per cent in rolling has a sderoscope test of 
38.2, which is over three times the hardness of the specimen under 
examination. An inspection of the data submitted shows that the 
hardness of alpha brass is a function of the cold work to which it 
has been subjected. The decrease of hardness accompanying 
annealing depends both on the temperature and time of the anneal. 
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No. 2 was forged from the same ingot and given approximately the 
same heat treatment as the bushing under examination. 

The following tests were taken from forging No. 1 on its arrival at 
Watertown Arsenal. This forging was taken from 14-inch gun No. 9. 

A segment of the bushing mariied **A/* in photograph 3085, was 
cut out of the bushing. Tins segment is shown on photograph 30S6 
after its removal. The location of the radial specimens are shown, 
marked Rl. R2, and R3. The tangential specimens are marked T O, 
T M, and T I. The longitudinal specimens, the location of which are 
not shown on this plate, were taken from the outside, middle, and 
interior of the piece and marked, respectively, L O, L M. and L I. 
The results of these tests are recordeain the following table: 



Bpedmen 



RI 


R2. 


R3 


LO 


LM 


LI 


TO 


TM 


TI 



Yield 

point 

(pounds 

per square 

inch). 



71.500 
71,000 
72,500 
77,500 
73,500 
66,000 
76,000 
73,000 
73,000 



Tensile 






strength 

(pounds 


Elonga- 
tion 


Omtrao- 
tion of 


per square 
inch). 




area. 




Per cent. 


Per cent. 


115,000 


15.0 


34.0 


115,000 


16.0 


40.3 


118,000 


18.0 


40.3 


120,500 


20.0 


40.3 


119,000 


20.0 


37.2 


71,000 


4.5 


5.7 


121,000 


18.5 


40.3 


94,500 


3.5 


6.7 


116.000 


19.0 


40.3 



Brinell 
hardness 
number. 



237 
238 
229 
241 
235 
229 
241 
235 
229 



The radial specimens agree very well amonff themselves, the lowest 
yield point being 71,000 poimds per square inch and the lowest tensile 
strength 116,000 pounds per square inch; the minimum elongation 
and contraction were 15 and 34 per cent, respectively. None of the 
radial specimens meet the elastic-Umit requirements of 75,000 pounds 

!)er square inch. The minimum Brinell nardness was 229. In the 
ongitudinal specimens it is very striking to note that specimen L I 
has a tensile strength of only 71,000 pounds per square mch, elonga- 
tion 4.5 per cent, and contraction 5.7 per cent, with a Brinell hardness 
of 229. Specimen R 3, having a Brinell haiciness of 229, gave a ten- 
sile strength of 118,000 pounds per square inch, an elongation of 18 
per cent, and contraction of 40.3 per cent. Specimen T M from the 
transverse tests shows a very low tensile strength, 94,500 pounds per 
square inch, with an elongation and contraction of 3.5 and 5.7 per 
cent, respectively. Photographs 3226, 3227, and 3228 show the test 
pieces after pulling. The appearance of the fractures LI and TM 
' are to be noted. The spot occurring on the fracture of each shows 
the nonhomogeneity of tne material composing the bushing. It was 
also noticed m some of the machining operations that these spots 
were frequently encountered. Tlie specimens L I and T M were ex- 
amined microscopically and reference will be made to the appearance 
of this fracture and the structure of the test pieces near the fracture 
in another portion of the report. 

In' conclusion of this portion of the work it may be said that only 
two of the nine test specimens satisfy in full the reqiiirements de- 
manded. Seven specimens fell below the elastic-limit requirements 
of 75,000 pounds per square inch, two specimens fell below the tensile 
strength required, namely, 105,000 pounds per sq^uare inch; the same 
two, L I and T M, also faUed to meet the required elongation and 
contraction. 
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PBBLZMINABT MICBO8COPICAI4. 

The first microscopical examination to be made on the bnshine was 
to determine the structure in the defective threads of the gun bush- 
ing. Two specimens were taken, marked ''A" and **B." See photo- 
graph 3086. A sketch is shown giving the surfaces polished and the 
approximate location of the two micrographs shown below — micro- 
graphs Nos. 3165 and 3166. 

These micrographs at 50 diameters show verv clearly the presence 
of two distinct type structures existing in the threads of the oushing. 
The characteristics of these two structures under low power are, first, 
the light structure which could not easily be resolved; and, second, a 
polyiedral structute which also could not be resolved at this magnifi- 
cation. The two pictures following were taken at an enlargement of 
approximately two diameters, showing the macrostructure of one of 
tne threads (specimen ''A'O, polished on the top and on the side, 
respectively. These macrostructures show very clearly the existence 
of two type structures, which are clearly revealed in the two micro- 
graphs mentioned above at 50 diameters. It is to be noted further 
that the crack occurring in the thread follows the large light area. 

The following micrographs were taken at 500 diameters, numbered 
3167, 3168, 3169, and 3170, and show the structure of the bushing in 
the light areas. 

These micrographs illustrate very clearly the triangular arrange- 
ments of ferrite and the constituent containing carbon. It seems 
very possible that the Ught' constituent has a lower carbon content 
than the dark polyhedral structure. It is also of interest to note 
that occasional polyhedral grains or dark spots occur in the light 
structure. All of the above micrographs illustrate this point very 
clearly. 

Micrographs Nos. 3171 and 3172 illustrate the structure in the 
polyhedral areas. Micrograph No. 3172 shows a sorbitic structure 
within the grains, but in no place is well-defined pearhte visible. 
This is to be expected in a quenched and drawn piece. One of the 
striking peculiarities of the coexistence of these structures is that the. 
passage from the hght to the dark structure is very abrupt and there 
IS no gradual shading off of one constituent into the other The low- 
power micrograph, No. 3166, shown previously, demonstrates this 
point. 

The next operation was to determine if the existence of these two 
structures occurred only in the inner threads, or whether they were 
also prevalent in the outer threads of the buslung. From a specimen 
marked 2057C, which was subsequently used to determine the hard- 
ness of these two constituents, its location being described in this 
report, two micrographs were taken. The first, micrograph No. 
3139, at 50 diameters, was taken in the interior of one of the outw 
threads of the bushing. The existence of two structures is very evi- 
dent in this micrograph. One of the extreme cases of triangulation 
is pointed out by the arrow. This can be noticed by careful examina- 
tion even at the low magnifications of this micrograph. 

Examination was also made 1 inch from this location toward the 
center of the bushing. It is to be noted that the structure at this 
point, micrograph No. 3173, is entirely polyhedral. The grains are 
very large, which indicates that at some time in the history of the 
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bushing it had been heated to a high temperature, after which heat 
treatment it had not been subjected to forging. 

Prom certain characteristics of the structure it was thought that 
there might be some connection between the mottled appearance 
noticed in this bushing and the banded structure noticed in some other 
forgings. To definitely settle this point, surfaces were polished as 
shown in the foUowing sketch: 



^^> I 



Micrograph No. 3174 was taken on polished surface A-A, and 
micrograph No. 3175 on polished surface B-B. There is no trace of 
banded structure in these two micrographs. 

Micrograph A~A shows a few of the lighter areas. The section 
through J3-5B was taken as there was a light area on the side of the 
thread extending in this general direction, so that a surface polished 
in this direction should snow bands if they existed. The structure 



Micro. ^^ 




NWcro. #i. 







polished. Tace A-A polished^ 



found, however, was the polyhedral structure with the relatively large 
grain. Similar examinations were made at other places on the busn- 
mg, and in no instance could any trace of banding be found. The 
question of forging was in this way eliminated, and the source of 
tne two structures must be explained in some other way. 

It is very evident that the results obtained in the bushing show a 
typical case of spotted annealing, the cause of which will be discussed 
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later. No attempt will be made to reproduce here all of the stru- 
tures observed, but two more micro^aphs, Nos. 3138 and 3176, are 
shown to illustrate the structure in a short distance from tiie 
thread. Micrograph No. 3138 was taken at the location marked '^C 
on the sketch; ana micrograph No. 3176 was taken at point marked 

The lai^e grain in both of these micrographs is to be noted. In 
general, it may be said that where the structure was not of the mottled 
character containing the light and dark constituents it was polyhedraJ 
showing a relatively large grain. 

By reference to report of tensile tests taken on this bushing, it will 
be noted that specimen L I broke with very little elongation. The 
fractured surface was polished and examined and showed the follow- 
ing structure, micro^aph No. 3177, 50 diameters. Although the 
structure does not resemble exactly that of the Ught constituent, it 
partakes of its general characteristics, and under nigh power shows 
the tiiangulation of constituents. 

Micrograph No. 3178 was taken at the base of this same specimen 
and shows the regular polyhedral structure, which in all nrobabUty 
would give similar tensile tests to that of specimens L M and L O. 

The existence of the spot in the specimen shown 
in micro^aph No. 3177 produced the falling off 
of ductihty and loss of tensile strength. Speci- 
men T M, which showed the same general appear- 
ance at the fracture, was examinra both on the 
fracture and at the base. A structure sinular to 
that shown in micrograph No. 3177 was observed 
at the fracture. The structure at the base is 
shown in micrograph No. 3179. The same gen- 
eral remarks may be apphed to specimen T M as 
were to specimen L I. 

Here again is evidence revealing the existence 
pf a nonuniformity of structure existing in the bushing under exami- 
nation. This nonuniformity is most striking at the inner and outer 
threads and occurs only occasionally in the mterior of the bushine. 

Following failure to cut out Charpy tests from the threads, which 
will be discussed under the heading ^'Charpy tests,'' the suriaccs of 
the cracked threads were pohshed and examined microscopically. 
Micro^aph No. 3180, at 500 diameters, illustrates the structure 
occurring near the crack. It is very evident in this structure espe- 
cially that the carbon is lower in the fight areas than in the polyheoral 
portions. Micrograph No. 3181, at 500 diameters, was taken sUghtly 
away from the crack and illustrates very nicely the coexistence of 
the two structures. There is no gradual mer^ng from the light to 
the dark structures, but the change is abrupt. If the cracks which 
were developed in these structures were due to the rehef of strains 
produced in quenching, it is to be expected that they should develop 
in the hght constituent, as the planes of cleavage m this structure 
are much less irregular; in fact, the structure in the Ught areas 
resembles very much that of a structure occurring in a low-carbon 
casting. In other words, the structure of the hgnt constituent in 
the gun forging at 500 diameters would resemble very closely the 
structure occurring in a low-carbon casting at 50 diameters. 
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To further demonstrate the extent of the light areas, one of the 
lower threads from the interior of the bushing was cut out and a ver- 
tical section polished. The location of this cut is shown m photo- 
graph No. 3086. (See thread marked "N.") The polyhedral struc- 
ture only was nresent in this lower thread. 

To further illustrate this point, a portion of the surface about 
1 inch square was polished on the interior of the bushing. The 
location of this surface, designated by ^'H," is shown in photograph 
No. 3086. The structure at this point was entirely polyhedral. 
This agam confirmed the previously expressed idea that tne light 
constituent exists to a great entent in the outside and inside threads 
of the bushing, and not in the interior. Furthermore, it can be 
noted that the polyhedral structure was finer on the inside of the 
bushing than on the outside. This was shown when the inner surface 
of the specimen used in the subsequent Brinell tests was polished. 
Hie surface polished was approximately I inch wide and extended 
from the outside of the bushing to within an inch of the inner threads. 
Furthermore, a comparison of the micrographs taken at the base of 
the threads, some oi which show the polyhedral structure, illustrate 
that' th^ grains are larger than in the structure shown on the interior, 
such as in micrograpl^ Nos. 3178 and 3179. 

The general summary of condition'^ found was approximately as 
follows: 

1. The presence of a light constituent showing triangulation of 
ferrite and the constituent containing carbon, this constituent being 
prevalent only on the outer and inner circuinference of the bushing. 

2. Local small areas of this white constituent were occasionally 
found on the interior of the bushine. 

3. The existence of a polyhadraT structure on the interior ci the 
bushing, which was coarser near the outer and inner cireumfeBeneea. 

OHXMIOAI* ANALYSIS. 

Following the preUminary microscopical examination and the 
detection of the two characteristic structures previously mentioned, 
it was thought that chemical samples taken from regions where the 
U^ht structure predominated and other samples taken from portions 
of the bushing where the polyhedral structure was the prevailing one 
would give some information regarding the segregation of any oi the 
alloy efements. 

Tne report of chemical analysis made by the manufacturer was as 
follows: 



c. 



Pereenl. 
0.454 



Mn. 



Percent. 
0.704 



Si. 



Per cent. 
0.3M 



S. 



P. 



Per cent. 
0.021 



Per cent. 
0.0S9 



Ni. 



Per cent. 
3.00 



Cr. 



Percent. 
0.20 



From a radial section of the bushing about 1 inch wide and 2 inches 
thick two samples were taken, as shown in the photographs, figure 
No. 8. A sketch is aho given showing from what part oi the bushing 
this radial section came. (Sketch No. 4.) Enough material for 
complete chemical analysis was taken from the portion of this sec- 
tion composing the outer threads of the bushing. These threads 
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were composed mostly of the triangular light constituents. Tlie 
sample taken from the inside of this radial section, sample "B/* was 
taken from an area which showed the polyhedral stiiicture. The 
results of the analysis were as follows: 



j 
1 

! 


Sample. 


C. 

Per emu. 

/ 0.450 
.456 
.480 

\ .464 


Mn. 


8i. 


8. 


P. 


NL 


Or. 


( 




Pereent, 


PereetU. 


Percent. 


Percent, 


Per cent, 
9.M 


Percent. 
0.18 


A... 










B 


0.73 


0.246 


0.037 


aoi6 


a.M 


.94 








— 
























It is to be noted from these samples that the carbon from the 
sample taken from the threads is lower than that taken from the 
insiae of the bushing. This difference is not very great, but it is to 
be remembered that sample *'A'' was not composed entirely of the 
light constituent, but of a mixture of the light and dark constituent, 
and fiuiihermore, the depth at which the sample was taken wad such 
that a considerable portion of this sample was composed of a material 
showing the polyhedral structure. It should be pointed out from 
these two samples that the chromium is also lower in the sample 
taken from the threads. The data thus obtained seemed to indicate 
that further work was necessary, and therefore five more samples 
were taken. The location of these samples can be readily seen by a 
reference to photograph No. 3232. 

No. 1 was taken from one of the inside threads, Nos. 2 and 4 
from the interior of the bushing, Nos. 3 and 5 from the outside of the 
bushing. The last two samples named were composed in part ^^ 
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material taken below the outside threads, as can be noticed from pho- 
tograph No. 3232. 'These samples were analyzed for carbon, nickel, 
and cnromium, with the following results: 

_ . _- 

NI. J Cr. i 

I 



Harks. 

1 

2 

3 

4 .. 

5 


c. . : 


0.412 . 

.48 
.462 
.466 • 
.444 








2.85 t CUD 

2. 95 .190 

2.88 .087 

2.90 .185 

2.90 < .100 



It is to be especially noted that sample No. 1 from the inside of the 
threads has approximately 0.41 per cent ca r b on, whereas samples 
Nos. 2 and 4 show 0.48 *fld 0.466 per cent carbon, respectiJJ'ely. Sam- 
ples Nos. 3 and 5 show 0.462 and 0.444 per cent otCrhon. These five 
analyses, taken in conjunction with the two previously ^i mentioned, 
show without question that the carbon content near thjB outer and 
inner circumferences ^f t)ie btuihixig is lower than the car{)on content 
in the interior of the bujahin^.^ 

As the light triangular structure predominated near the outer and 
inner circumferences of .the bushing, it seems a very reasonable con- 
clusion that this light constifttont tjoii^ina less carbon thto the poly- 
hedral structure representative of the interior of the bushing. It is 
to be noted further that samples Ncjs. 1, 3, and 5 sliow 0.11, 0.087, 
and 0.1 per cent chromium, respectively, whereas samplea Nos. 2 and 
4 show 0.19 and 0.185 per cent chromium, respectively. In other 
words, the portions of the bushing snowing low carbon are also low 
m chromium. 

It is also to be noticed that the variation in the nickel content of 
the representative samples is verf much less than that of bither carbon 
or chromium. It is to be borne in mind in this connection that the 
variation in actual percentages is not a true measurement of segre- 
gation of any element. 

The following figures taken from samples of this bushing wiU illus- 
trate the point in question:- 

Chromium in No. 2, 0.19 per cent; chromium in No. 3, 0.087 per 
cent. Difference in chromium content equals 0.103 per cent. Based 
on sample No. 2 there is only 46 per cent as much chromium in No. 3 
as in No. 2. . 

Nickel in No. 2, 2.95 per cent; nickel in No. 3, 2.88 per cent. Dif- 
ference in nickel content equals 0.07 per cent. Based on sample No. 
2 there is 98 per cent as much nickel in No. 3 as in No. 2. .As the 
phenomena of diflFusion has to do with differences of concentration 
only, it is very evident from these results that chromiiun is much 
more liable to segregation than nickel. 

The fundamental facts established by the results of this analysis, 
as before stated, are that the portions of the bushing near the outer 
and inner circumferences are lower in chromium and in carbon than 
the body of the bushing. These results will be of considerable inter- 
est when considered in connection with some of the data to be sub- 
mitted later under the heading ''Experimental microscopical inves- 
tigation.^' 
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PH7BICAL TB8T. 

1. HARDNESS DETERMINATION ON LIGHT AND DARK CONSTITUENTS IN BREECH 

BUSHING. 

The segment of the bushing from which were taken the two sam- 
ples '' A^' and '' B'' for chemi^ analysis was polished along one face. 
A sketch is shown giving the location oi the specimen marked " 2057 C," 
and the face polished is indicated on this sketch. Photograph No. 
3231 shows the side of this bar with the ball tests. A sketch is sub- 
mitted below giving the Brinell hardness at each point tested. 

The point of interest in this test is that on the outer thread the 
Brinell narcUiess drops to 217. The remaining figures are practically 
constant at 248, with one exception. The third impression from the 
other end of the bar shows a Brinell hardness of 235, the second 241, 
and the last one 238. The Brinell test showing hardness of 238 is 
about 1 inch from the inner threads of the bushing. At the spot 
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I 
£mm A'A mhout A' /^tfitf //My#r thread i 

on the bar where the BrineU hardness was 235. there was a decided 
amoimt of the white triangular constituent. 

Not being satisfied that the above tests were conclusive, one of 
the crackea threads was polished as shown in sketch No. 1, speci- 
men A. Photograph No. 3229 shows the top view of this specimen, 
and photograph No." 3230 the side view of this specimen. The loca- 
tion of the Brinell impressions can be very well seen and also the 
relative amount of hgnt and dark constituents in the thread. It 
should be noted at tms point that the crack in this thread follows 
along one of the light areas. 

From a number of other tests of similar cracks this condition was 
found to be a common one. There is a great deal more of the light 
constituent on the top surface of the thread than on the side of the 
thread toward the bottom where the Brinell test was taken. The 
gradual increase of the dark constituent as one moves from the top 
of the thread to the base can be readily seen in photograph No. 3230. 
The Brinell impression on the top of the thread gives a hardness of 
229, while the impression on the side of the thread where there was 
more of the dark constituent gave a Brinell hardness of 235. 

By careful examination of the two photographs mentioned above, 
a number of indentations caused by the scferoscope test will be ob- 
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served. A great many tests were made over wide areas with the 
following results: 



PolybediBl 


Triangular 


itnictaie. 


■tmctare. 


31 


28 


32 


30 


34 


27 


32 


28 


30 


28 


32 


20 


31 


28 


31 


27 


32 


26 


33 


25 


32 


28 
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31 


27 


0) 


(•) 



i Mean, SI A 
ill0an,37^. 



The above evidence established beyond doubt that the hardness 
of the dark polyhedral structure is greater than that of the light 
triangular structure. Basing the computations on the hardniess of 
the constituents as determined by the scleroscopey it may be said 
the hardness of the light structure is 86 per cent of that of the poly- 
hedral structure. 



2. CHA&PY TESTS. 



Suspecting that the light triangular structure would have ^at 
brittleness, it was next attempted to get Charpy teats from the mte- 
rior of the bushing and from the threads of the bushing. The 
attempt to secure (Siarpy tests from the threads of the bushmg was 
not successful for reasons which will be discussed later. The portion 
of the bushing taken from which to cut the Charpy tests is shown on 
photc^raph No. 3086. A sketch is also submitted showing a cross 
section of a portion of the segment from which the test pieces were to 
be cut. The location of each cut is marked. 

No difficulty was encountered in cutting out the test pieces marked 
df e, and/. The results of the Charpy tests from these specimens 
are shown in the following table: 



Testi^eoe 
marks. 



2057-1-D 
a057-l-E 
2057-1-r 



Sectional 
area. 



Square inch, 
0.0782 
.0782 
.0778 



Charpy re- 
sults (foot 
poondsper 
square 

inch). 



117.0 
106.0 
115.0 



Average 

(foot 

pounds per 

square 

inch). 



1 



112.6 



Appearance of fracture. 



I 



Fine crystalline. 
Do. 
Do. 



In attempting to cut Charpy tests from the threads of the bushing 
cracks developed on machining on the imder side of the thread. The 
location of one of these cra(^ is shown in photograph No. 3233, 
and as the results of Charpy tests on this material would not be reli- 
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able, no attempt was made to secure additional Charpy specimens 
from the threads. 

It is to be noticed that the crack occurring^in these threads runs 
from the base of the thread toward the top. This crack again occurs 
in the light constituent, of which there was a very bad area in each 
of the t&eads taken. It ift to be noted in this connection that it is 
very imfxrobable that a smiBSeieikt diock would occur during ma- 
chining to develop this crack. The only reasonable explanation is 
that these must have occurred on account of the release of internal 
strains in the material after the removal of the mass of metal at the 
base of the threads, or secondly, the crack may have existed inter-* 
naUy before the threads were cut. From the nature of the devel- 
opment of some subsequent cracks in this material it seems probable 
that the cracks were developed during machining and not before. 




Zmm iJm Thr0 a Jm. 



Thr0a.^§. 



In other words, the removal of supporting material allows existing 
nternal strains to cause rupture, the rupture taking place through 
the weakest portion of the material. 

EXPEBIMBNTAL HBAT TBBATMBNT OF BTTSHING. 

The original heat treatment of the bushing was reported to be as 
follows: 

PreUminary anneal at 1,425° F. (774*^ C). Held at this heat 10 
hours and cooled slowly. Annealed at 1,425° F. (774° C.) four hours 
and then oil quenched. Annealed at 1,100° F. (593° C.) two hours, 
slowly cooled. 

From the preliminary microscopical examination previously out- 
lined it was reasonable to conclude that some error had existed in 
this heat treatment, and furthermore that the results obtained were 
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not those to be expected from such heat tteatment. To illustrate 
this point, one of tne threads which showed a very mottled appear- 
ance, microeraph No. 3165, was heated to 775^ C. for one hour in the 
laboratory nimace and then ouenched in oil. It was then reheated 
to 600^ t). for two hours. The specimen was then polished and 
examined with the results shown in micrograph No. 3140, taken at 5ft 
diameters. 

The result, as can readily be seen, was a very fine structure. It is 
granted without reservation that this structure is finer than would be 
expected from a similar heat treatment on a specimen as large as the 
14-inch bushing. It can not be said, however, that any such difter- 
ences are possible, mass alone being the variable, as are evident in the 
comparison of micrograph No. 3140 after proper heat treatment, and 
micrograph No. 3165 taken from the thread of the bushing as received 
at the arsenal. The structure of the bushing as received could cer- 
tainly be made to more nearly approach that of the experimental 
structure than was the case in the Dushing under examination* 

To further demonstrate that there is no excessive difficulty in the 
heat treatment of this material, and that its behavior is normal in 
every respect, the specimen, which had been heat treated as above 
described was reheated to 1,000® C. and cooled in the furnace with 
the resulting microstructure shown in micrograph No. 3182. 

The two micros tructures (micrograph Nos. 3140 and 3182) are 
taken from approximately the same location and at the same magni- 
fications. This illustrates very conclusively the extreme ease with 
which the grain is enlarged by overheating. 

A piece from the interior of the bushing was taken which showed 
a microstructure before treatment similar to that of micrograph No. 
3173. This specimen was heated to 1,000® C. for two hours and 
quenched in oil. The coarseness of the martensite is to be noted. 

After the above treatment, this piece was drawn two hours at 
600° C. (micrograph No. 3184). 

The triangulation of the tempered constituents is very marked. 
The coarseness which was developed by heating to 1,000® C. is not 
removed by the tempering operation. The very fine structure devel- 
oped by the quenching at 750° C. and drawing at 600® C. is not repro- 
duced in any measure by the quenching from 1,000® C. The temper- 
ing of the martensite in place is evident in the sample quenched from 
1,000° C. and drawn at 600° C. The triangulation in this case, how- 
ever, is a different phenomena than is observed in the breech bushing. 
The triangulation in the bushing had its origin in a different phe- 
nomenon, the nature of which is discussed later. 

The next treatment was as follows : A piece from the interior of the 
bushing was heated to 1,100° C. for one hour and cooled in the 
furnace. Micrograph No. 3185 at 50 diameters, taken at the edge 
of this piece, shows the resulting microstructure. 

One very characteristic feature of an alloy steel of this composition 
is that the amount of ferrite rejected to the boundary surfaces of the 
grains is less than would be expected in a carbon steel of the same 
composition under the same rate of cooling. The high-power micro- 
grapn at 500 diameters was taken of one grain, and the resulting 
microstructure is shown in micrograph No. 3186. 

The large grain shown in this micrograph is in reality composed of 
a number of grains as can very readily be seen. It is of interest to 
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note that the pearlite is not lamellar, but rather poorly defined. This 
is particularly strikine in grain ''A.'' This has often been quoted as 
a characteristic of nidcel steel, and upon this fact the explanation of 
its superior quaUties over carbon steel has been based. It seems 
reasonable, however, that the superior qualities of the nickel steel 
over carbon steel coiild be more easily explained on the assumption 
that the pearlite in the nickel steel contains more fenite tiian the 
pearlite of the plain carbon steel. In other words, less free ferrite 
IS present in a 0.40 per cent carbon, nickel steel than a 0.40 per cent 
carbon, plain carbon steel. 

Micrograph No. 3187, also at 500 diameters, was taken at one of 
the sm^ spots m this piece showing the characteristic triangular 
structure, it is very interesting to note that the hijgh heating at 
1,100^ C. for one hour, followed l>y furnace cooling, did not disturb 
this microstructure, although it reduced it considerably in total 
amount present. Heating U> 775® C, followed by quenching in oil 
and drawing, completely removed the existence of this type of struc- 
ture. It would seem to follow from this fact that even if this tri- 
angular structure had been developed during any of the heating 
previous to or during for^g, it would have been removed by quench- 
ing from 775 and drawmg at 600® C, if this operation nad been 
properly carried out. If tnis structure had been developed previous 
to heat treatment and the heating for quenching had been at too high 
a temperature, the structure might not have been removed. TSis 
seems to eliminate beyond question that the heating for quenching 
was not done at 776® C. 

A very interesting observation which has no direct bearing on the 
subject under discussion other than that of decarburization, is as 
follows: A piece from the interior of the bushing which had been 
heated to 1,100® C. for one hour and cooled in the furnace, when cut 
open and polished showed a crack running from the surface in to a 
distance of about one-half inch. This crack may have occurred dur- 
ing the heating operation or when the piece was cooling from a high 
temperature, or finally, the crack may have be^i present before heat- 
ing. The extent of decarburization around this crack, which will be 
shown in the foUowing micrographs, illustrates beyond question that 
the crack occurred some time during the heating operation. If it 
had occurred during the cooling there would be no way to account 
for the extent of decarburization. It seems very reasonaole to assume 
that the crack was present for most of the time, at least when the 
piece was at 1,100® C. 

Two micrographs at 50 diameters are shown, numbered 3188 and 
3189. The outhne of the crack could be followed very clearly and 
the width of the decarburized band decreases from the outside toward 
the interior of the specimen. It is to be noted that there is no oxi- 
dation occurring around the crack. This is not difficult to explain, 
however, as the true condition is probably something as follows: 

The total pressure of free oxygen around the crack is below that of 
the dissociation pressure of iron oxide. When this condition exists, 
no oxidation occurs, but as the dissociation pressure of iron oxide is 
in all probability higher than that of carbon monoxide, we may have 
a pressure of oxygen which would permit the formation of carbon 
monoxide without the formation of iron oxide. If this condition did 
exist, decarburization would result without oxidation. 



48 INTB8TIGAIIOK8 OW MATBBIAU 

The next heat treatment was to attempt to develop if possible the 
defective structure which was found in the bushing where it had not 
previously existed. The sample selected for this treatment was taken 
from the section used for making the ball tests. The location of this 
sample is shown on photograph No. 3231. This sample was taken 
at the point where the sample for chemical analysis '^B" was taken. 
The specimen was heated to 1,100^ C. for one hour and cooled in air. 
Micrograph No. 3191, taken at 500 diameters, illustrates the structure 
existing on the interior away from the surface exposed to decarbu- 
rization. The structure is very clearly triangular, and no peculiari- 
ties are present, excepting that the structure is coarse, which would 
be expected from cooling from such a high temperature. 

Micrograph No. 3192 was taken near the eage of the specimen 
where decarburization had occurred and the carbon had been reduced 
below that of the original content. Mcrograph No. 3193 was taken 
near the extreme edge. 

The triangulation of the constituents is very marked. Micrograph 
No. 3192, taken slightly back from the edge, still shows the triangu- 
lation of ferrite and the constituent containing carbon. It is very 
evident that this structure is not mart^nsite, as it was established 
that the white constituent of these two structures wa& free ferrite. 

After this examination, the piece was then reheated to 600^ C. 
for two hours. Again three micn^raphs at 500 diameters were 
taken in the same relative locations. Micrograph No. 3194 illus- 
trated the structure in interior of the specimen attefr drawing. This 
structure is to be compared with that of micrograph No. 3191. 

The tempering has not removed the triangulation already existing, 
but the development of black areas is beginning to be apparent. 
MiOTOgraph No. 3195, taken near the edge, shows one exceedingly 
interesting phenomenon. The black streak present resembled very 
closely that of the interior of one of the polynedral grains occurring 
in the gun bushing as received. The triangulation, as has been 
emphasized in previous places in the report, nas not been removed 
by the drawing operation. Micrograph No. 3196, taken near the 
edge, serves to further illustrate this point. Micrographs Nos. 3195 
and 3196 are to be compared with micrographs Nos. 3192 and 3193, 

From the heat treatments which have oeen described, the follow- 
ing general conclusions are possible: 

1. Two type structures exist in the bushing as received, the first, 
a triangular structure composed of ferrite and the constituent con- 
taining carbon, the second a polyhedral structure sorbitic in character. 

2. The cracks occurred in the triangular structure. 

3. Cracks occurred in sections of the bushing after they had been 
removed from same, showing beyond doubt the existence of internal 
strains. 

4. The defective structure existing in the bushing was decidedly 
more prevalent in the portions nearer the outer and hmer circum- 
ferences of the forging. 

5. Analysis showea that the portions of the bushing in which the 
light triangular structure predominated were lower in both carbon 
and chromium than the portions in which the polyhedral structure 
prevailed. 

6. It was established by experiment that the defective structure 
could be removed by proper heat treatmentt 



Micrograph 3194. 
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7< It was also shown that overheating followed by rapid cooling 
produced the triangular structure of femte and the constituent con- 
taining carbon in portions of the specimen in which the carbon had 
been reduced by decarburization. This triangulation is distinct from 
martensite or residual martensite produced by temper£ag. It should 
not be described as residual martensite, as it was never martensite 
as this constituent is imderslood and defined. The triangulation 
existing in certain auenched and drawn pieces is entirely distinct 
from the structure oDserved in the bushing under examination. 

8. The ultimate conclusion is that the forging from which this 
bushing was made was slightly decarburized to some depth by the 
forging, annealmg and auenchmg heats. The heating for quenching 
was earned on at too elevated a temperature, and upon quenching 
the defective structure was produced m the portions of the bushing 
in which the carbon had been reduced by decarburization, or pos- 
sibly bv diffusion. 

9. Tnat the quenching temperature was too high is supported by 
the fact that the triangular structure can not be produced by a low 
quench. Furthermore, the excessive internal strains present in the 
bushing furnish additional evidence of the view advanced that the 
quenchmg temperature was too high. 

EXPEBZXBNTAL MIOAOSCOPIOAI.. 

BXPEBIMENTS WITH THREE STEELS. 

The following experiments are of considerable interest in connec- 
tion with the heat treatment of the bushing and of similar material. 
The three steels used had the following carbon, chromium, and nickel 
contents, and will be designated throughout this report as steel Nos. 
1, 2, and 3. 



Number. 


Carbon. 


Nickel. 


Chromium. 


Shape. 


1 


0.44 
.47 

.48 


3.02 




llnch round. 
Do. 
Do. 


2 


0.27 


3 











OBJECT. 

The object of this experiment was to determine the following 
points : 

1. Effect of carbon contont on the triangular arrangement of 
ferrite and the constituent containing carbon. 

2. Effect of quenching temperature on the production of this 
triangular structure. 

3. Effect of slight amounts of chromium in the absence of nickel 
on the production of this type structure. 

4. Effect of nickel in the absence of chromium in producing the 
same structure. 

5. The rate of cooling most productive in producing the triangu- 
lation of ferrite and the constituent containing carbon. 
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6. Effect of chromium and nickel in preventing the removal of 
this structure by tempering. 

The specimens to be heat treated were made as follows. Cylinders 
approximately 1 inch long and 1 inch diameter were taken and a hole 
was drilled tlurough the center of these specimens i inch diameter, as 
shown in the following sketch. A ntmiber of these cylinders were 
made from the different steds to 'be experimented upon. The 
object of the hole through the center was to give a siuf ace exposed 
to oxidation so that a section of the cylinder could be polished with- 
out beveling the decarburized surface. 

The hole drilled through the center will also give a surface sub- 

J'ected to the action of a peculiar phenomena of the rejection of 
errite toward the inner bounding simace. 

The following treatments were carried out on each of the three 
steels mentioned above. Samples of Nos. 1,2, and 3 were heated to 
1,100° C. one hour and cooled m the furnace. Samples of Nos. 1, 2, 
and 3 were heated to 1,100° for one hour and cooled in air. Samples 
of Nos. 1, 2, and 3 were heated to 1,100° for one hour and quencned 
in oil. Samples of Nos. 1, 2, and 3 were heated to 1,100^ for one 
hour, quenched in oil, and then drawn for two hours at 600° C. 
Eleven nundred degrees centigrade was chosen as the temperature of 
heating as it has been previously shown that a high temperature is 
necessary to produce the peculiar triangulation present in the samples. 

The structures resulting from heating to 1,100° C. for one hour and 
coohng in the furnace will first be compared. Micrograph No. 3197 
shows the structure of the carbon steel at the inner circumference, 
and micrograph No. 3198, shows the structure in the body of the 
specimen. 

It is to be noted that any tendency toward triangulation is almost 
absent in this steel. The extent of the decarburized edge in micro- 
graph No. 3197 is to be particularly noted, as is also the very large 
grain in the interior. 

Micrograph No. 3199 shows the structure of the nickel steel at the 
inner circumference after the same heat treatment, and micrograph 
No. 3200 shows the structure of the same sample in the interior. 
The decarburized band around the inner circumference is very 
marked. There is no triangulation of the constituents in this case, 
but the occasional large grain in the nickel steel is very striking. 
(See micrograph No. 3200.) This phenomena is very often observed 
in nickel steel. 

Micrograph No. 3201 shows the structure of the chromium steel at 
the inner circumference after the above heat treatment. The extent 
of the decarburized band does not seem so well defined in this case as 
in that of the nickel and carbon steel. 

Micrograph No. 3202 shows the structure of this sample on the 
interior. The very fine grain as compared to that of the caribou and 
nickel steels of the same heat treatment is very striking. In fact, 
this comparison was so marked that the experiment was again 
carried through in duplicate, and the results confirmed, both as to 
the relative size of the grain in the steels and to the less amomit of 
decarburization in the chromium steel. 

The results of the treatment in which the pieces were taken to 
1,100° C. for one hour and cooled in air will next be recorded. 



Mlcroetaph 3200. 
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Micrograph No. 3203 shows the structure of the carbon steel at the 
inner circumference and micrograph No. 3204 shows the structure of 
the same steel on the interior. 

Micrograph No. 3203, showing the structure at the interior circum- 
ference, has several points of interest. Triangulation of the con- 
stituents is beginning to be apparent, especially in the zone slightly 
back from the edge where the carbon has been reduced below that of 
the composition of the original material. In other words there 
is a zone of critical composition at which the development of this 
structure is very readily Drought about. Carbon above and below 
this amount will not so readily produce the structure in Question. 
This conclusion will be substantiated by the results from tne other 
specimens. Micrograph No. 3204, showing the structure of the 
specimen on the interior, when compared with the structure pro- 
duced by slow cooling, micrograph No. 3198, demonstrated that well- 
known fact that increasing tne rate of cooling will lessen the amount 
of free ferrite rejected to tne grain boundaries. 

Micrograph No. 3206 shows the structure of the nickel steel after 
the above neat treatment. Micrograph No. 3205 shows the struc- 
ture )at the inner circumference. The decarbunzed band is still very 
noticeable, but ta*iangulation of the constituents has not taken place 
to such an extent in this steel as in the carbon steel. Micrograph 
No. 3206 illustrates the structure of the nickel steel on the interior, 
and, as pointed out before in the case of the nickel steel, we have the 
phenomena of very large trains coexisting with many small grains. 

Micrograph No. 3207 shows the struct\u*e of the chromium steel 
after heating to 1,100° C. one hour and cooling in the air. Micro- 
graph No. 3208 illustrates the structure at the inner circumference 
and does not yield any evidence of the existence of the triangulation 
of the constituents which occurred in the case of the carbon steel. 
Air quenching from 1,100° in the chromium steel has produced some 
very lai^e grains, giving the whole structure a vary mottled appear- 
ance. Micrograph No. 3207, from the interior of the specimen, 
a^ain shows this tendency of large and small grains, as was the <^ase 
01 the nickel steel. It is to be noted in this connection that high 
heatinjg followed by fiu'nace cooling had not produced a nonuniform 
grain in the chromium steel as it did in both the carbon and nickel 
steel. This nonimiformity of grain size occurred in the chromiiun 
steels only when the specimen was more rapidly cooled, as in this 
case cooled in air. 

Results of the treatment at 1,100° C. for one hour followed by 
quenching in oil will next be recorded. Micrograph No. 3209 shows 
the structure at 50 diameters of the carbon steel at the inner circum- 
ference. The triangulation is very marked in this case close to the 
edge. The high-power micrograph, No. 3210,^ at 500 diameters, was 
taken in one of tnese areas snofwing intense triangulation. It is to 
be noted at this point that increasing the rate of coohng by oil 
quenching reduces the carbon necessary to give the triangular struc- 
ture. In other words the portion of the sample which showed a 
triangular structure when air cooled now shows a polyhedi*al struc- 
ture. This can be clearly brought out by comparing micrograph Nx). 

> Compare structure shown in micrograph No. 3310 with that of structure in thread of bushing shown 
In micrograph No. 3167. 
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3209 with micrograph No. 3203 showing the structure when air 
cooled. The high-power micrograph of the same sample is very- 
interesting, in so far as it shows dark polyhedral grains adjoining 
grains showing the triangular arrangement of ferrite and the con- 
stituent containing carbon. This approaches closely the structure in 
the 14-inch gun bushing. In fact the structures are so similar that 
the same cause may be assigned for their development. 

Micrograph No. 3211 illustrates the structure of the nickel steel 
after oil quenching from 1,100® C. The decarburized band is very 
noticeable, but its extent is apparently not so ^at as in the case of 
slower cooling. This is not the true condition, however, as the 
quenching treatment has entirely altered the structure so that the 
extent of decarburization can not be judged from the quenched 
samples. 

Micrograph No. 3212, at 500 diameters, was taken near the edge 
of the specimen. Free ferrite is noticeable on one side of this micro- 
graph, while back from it a httle distance the structure has assumed 
the triangular form prevalent in the gun bushing. Another high- 
power micrograph was taken farther back from the edge, micrograph 
rt'o. 3213. It is to be emphasized at this point that the neemelike 
structure is not martensite, as the carbon in this location is entireJv 
too low for the retention of martensite on quenching. The blacx 
constituent is probably troostite, whereas the white constituent is 
ferrite. 

Micrograph No. 3214 shows the structure of the chromium steel 
after quenching in oil from 1,100°. Under low magnifications 
nothing definite can be determined from this structure. 

Micrograph No. 3215 was taken at 500 diameters sUghtly back from 
the edge of the specimen. Here again we have the trian^lation of 
ferrite and the constituent containing carbon. The constituent con- 
taining the carbon in this case may be troostite or sorbite. It is not 
martensite, as can be seen from micrograph No. 3216, taken at 500 
diameters in the interior of the specimen. This shows an entirely 
different structure. We have the rounded areas of dark constituent 
which are very characteristic of troostite, and the Ught areas showing 
the needles of martensite. The appearance of these needles in the 
lisht areas is entirely distinct and different from those at the edge 
oi the specimen. Furthermore, the hardness of the specimen near 
the edge where micrograph No. 32n5 was taken is entirely too low to 
allow tne existence ofmartensite at this point. 

The next results to be recorded are those taken from the specimens 
quenched in oil from 1,100° and subsequentlv drawn two hours 
at 600*^ C. 

Micrograph No. 3217 shows the structure at 50 diameters of the 
carbon steel at the inner circumference. 

The high-power micrograph No. 3218, at 500 diameters, was taken 
near the edge of the specimen where the triangulation was very evi- 
dent in the oil-quenched specimen. 

The remnants of the ferrite needles shooting into the grains are 
almost obUterated by the drawing operation. In fact, very few areas 
could be found showing any of the residual ferrite needles. As a 
matter of comparison, the above microgi'aph should be noted in 
connection witn micrograph No. 3210, snowing the structure after 
simple oil quenching. As a matter of interest, a micrograph, No. 
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3219, was taken at 500 diameters in the interior of the specimen 
drawn at 600°. The effects of overheating this material were almost 
obliterated by drawing. In fact, the structure is to be considered a 
very good one. It may be said in this connection that in the case of 
a carbon steel the production of the triangular structure is very easy, 
but its removal by a proper drawing operation is partially possible 
at least, and in this particular sample the attempt was very successful 

Micrograph No. 3220, at 50 diameters, shows the structure of the 
nickel steel after drawing. 

Micrograph No. 3221, at 500 diameters, taken very close to the 
inner circumference, shows the existence of the triangular structure. 
In other words, the triangulation produced on quenching has not been 
removed by the drawing operation. The shape of the needles may 
-not be as sharp and weU defined, but the existence of this peculiar 
structure is stiU very evident. A comparison of this micoeraph 
with micrograph No. 3212, showing the structure after simjue oil 
Quenching, when taken in connection with the previous comparison 
of carbon steel, demonstrates that the removal by drawiiil of this 
triangular structure is more easily accomplished in the carbon steel 
than in the nickel steel. 

Micrograph No. 3222 shows the structure of the nickel steel on the 
interior after the drawing operation. The structure is exceedingly 
fine and would certainly be passed as an excellent one. It might 
well be said at this pomt that if the carbon content does not fall 
below a certain point the coarse structiu'e caused by quenching at a 
high temperature can be removed by proper tempering. To remove 
the coarse-grain structure caused by quenching at too high a tem- 
perature, it is essential that -no excess constituent is rejected to the 
DOimdary lines of the grains on quenching. 

Micrograph No. 3223, at 50 diameters, was taken close to the inner 
circumference of the chromium steel after oil quenching and drawing. 

Micrograph No. 3224, at 500 diameters, taKen near the edge, is of 
particular interest, as it dupUcates very closely the structure occurring 
m the bushing; that is, polyhedral grains existing side by side with 
areas containing considerable ferrite. The sharpness of the needles 
of the constituent containing carbon has been modified by the draw- 
ing operation, but the characteristics of the structure are not altered. 
Micrograph No. 3225, at 500 diameters from the interior of the speci- 
men, IS also very interesting, as it dupUcates ahnost exactly the 
structure of the mtferior of the gun bushing. Micrograph No. 3224 
should be compared with micrograph No. 3218. This comparison 
will show that the effect of drawing on the chromium steel is not 
the same as upon the carbon steel. In other words, the mottled 
appearance produced by the existence of polyhedral grains surroimded 
by areas of triangular structure has not been removed by the draw- 
ing operation in the steel containing 0.27 per cent chromium. 

It nas been noticed by this laboratory that two other nickel steels 
each containing about 3.50 per cent nickel and 0.35 to 0.40 per cent 
carbon, when heated to 1,000° C, and furnace cooled, yielded a struc-. 
ture very similar to that shown in micrograph No. 3165, of this report- 
When heated to 1,100° C. a similar structure was developed differ- 
ingfrom the one produced on cooling from 1,000° C. by being coarser. 

The heating and cooling was carried out in a small tube furnace, 
the rate of cooling, although cooled in the furnace, being compara- 
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tively rapid. Heating the same steels in the same furnace to 850^ 
C, followed by furnace cooling, did not produce the triangviar 
structure. 

A careful surrey of the previous work, taken in conjunction with 
the experiments carried out during the examination of the breech 
bushing, enable the formation of certain tentative conclusions, which 
it is thought may be of value. 

1. For any given composition of a pearlitic steel there exists 
certain temperature ranges, "time of soaKing" in these ranges com- 
bined with certain rates of cooling down to and through the critical 
range which are most productive of the separation of the excess 
constituent to the cleavage planes of the ori^nal austenite crystals. 

2. For any given rate of cooling from a given temperature there 
exists a certain critical composition of a steel which is more sus^ 
ceptible to the rejection of the excess constituent to the cleavage 
planes on cooling. . 

3. As. special alloying elements change the solubility of carbon in 
austenif^, it is to be expected that an element such as nickel will 
alter the critical composition of carbon necessary to produce the tri- 
angular arrangement of the constituents, other conditions remaining 
constant. 

4. From the experiments described in this report it seems evident 
that increasing the rate of cooling decreased the critical composition 
of carbon necessary for trian^ation. The air and oil cooled «»bon 
steel cylinders are an excellent illustration of this point. As the 
rate of coolmg was increased by oil quenching, the band of triangu- 
lation approached the inner circumference, or, in other words, passed 
from a higher to a lower carbon area. • 

5. As viewed from the above, the conditions causing the triangu- 
lation at the outer and inner circumferences of the bushing were the 
lowering of the carbon at these locations by decarburization or dif* 
fusion, followed by a critical rate of coolmg from a temperature 
sufficiently elevated to produce the triangulation. 

6. It seems well established that a plain carbon steel and an alloy 
steel require different conditions to produce the triangulation of con- 
stituents. A 0.35 plain carbon steel on cooling slowly from 1,000° 
C. will be entirely polyhedral, whereas a 0.35 caroon, 3.50 nickel, may 
show areas of the triangular structure, as is often observed. The fol- 
lowing explanation is offered to assist in the understanding of this 
phenomena. 

7. A plain carbon steel in cooling from 1,000° C. will begin to 
reject ferrite at approximately 750 ^^ C, this rejection continumg to 
690*^ C, where the transformation of residual austenite to pearlite 
takes place, the resulting structure being a network of ferrite around 
pearlite grains. 

8. If a nickel steel containing 3.50 per cent nickel and 0.35 per cent 
carbon is cooled under the same conditions, ferrite will not begin to 
separate until a lower temperature is reached as the critical points 
are lowered by the presence of nickel. As the viscosity of the steel is 
greater at lower temperatures, excess ferrite can not migrate so 
readily to the boundary surfaces of the austenite grains, but is 
rejected to the cleavage planes of the original austenite crystals. 
Furthermore, as the excess ferrite does not begin to separate until 
a lower temperature is reached in the case of a nickel steel, the 
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factor of supersaturation may also play an important rdle. Wh^i 
the temperature is reached corresponcQng to tne beginning of the 
separation of free ferrite, the metal may continue to cool without 
the normal rejection of ferrite taking place. The austenite may 
thus become supersaturated with femte and when the coohng has 
progressed to the eutectoid point the excess ferrite is thrown out 
simultaneously with the formation of pearhte or sorbite. The time 
for this transformation being limited and the viscosity of the material 
being high, due to the lowered temperature of transformation, the 
excess ferrite is not rejected to the boundary lines of the original 
austenite crystals, but to the cleavaee planes. 

9. From the manufacturing standpomt, the foregoing conduAioiUi 
indicate the desirabihty of a slower rate of heating, so as to avoid 
overheating of the metal, combined with more careful supervision 
of the actual temperature of the metal itself as distinct from furnace 
temperatures as tending to lessen the liability of the occurrence of 
overheating, which was productive of the structure observed in the 
bushing examined. From the results of certain investigations now 
in progress it is also reasonable to infer that a change in the carbon 
content would lessen the liability of the occurrence of the triangular 
structure, and an increase of carbon from 0.45 to about 0.55 per cent 
in the metal used for such forgings would in all probability prevent 
the formation of the defective structure which occurred only in that 
portion of the bushing in which the carbon content had been reduced 
Dy oxidation to 0.40 per cent or less. 
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HOWITZES CASSIAOS, MODEL 1908 K I. 



Hie object of this inTeBtig»tkm was to detenniiie idiy a number 
of piaUm lods tock a pennmeot set upon the mpfdicatkm of a proof 
etewB bdow the reported elartie limit. 

OOmCIAJBiOMS. 

The spedsnens frmn two sources tested at this arsenal did not 
meet the spedfications for forged stc^l *'A/' which was specified for 
these rods. Ccmsequently the apphcation of the proof stress of 47,000 
pounds exceeded the elastic limit of the material of these rods, and 
a permanent set resulted* The errors in the testing upon which the 
acceptance of these rods was based majr have been due to (1) im- 
proper methods of determining the elastic limit or (2) the selection 
of specimeDS not repreaentatiYe. 

Tne microstructure of the stock used indicated improper annealing 
in one case and defective heat treatment in the other. 



The investigation was carried out along the followiQp lines: 

1. Phjsical tests on piston rods and also on stock from which 
same were made. 

2. Chemical analysis of two grades of stock used hereinafter des- 
ignated as A and B. 

3. Microscopical examination of material as received and after 
certain heat treatments carried out at this arsenal. 

MATEBIAL EXAMINSD. 

One short end of stock B, 3.125 inches diameter by 9.75 inches 

^le short end of stock A, 3.125 inches diameter by 10.5 inches 
long. 

One condemned piston rod, No. 11. 

One condemned piston rod, No. 23. 

One condemned piston rod, No. 60. 

One new and unstressed piston rod made from stock A, No. 64. 

The 800,000-pound emery hydraulic machine was used for aU 
tests. The piston rod was held at one end by the head, the rod 

Eassing through a steel block. The other end, or soUd portion, was 
eld in the hydrauUc grips by means of two blocks bored out to 
conform with the diameter of the piston rod. The total length 
between grips was about 44 inches. 
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A gauge length of 10 inches was used on aU the rods tested and was 
applied to that portion of the rod havine the smallest sectional 
area, or, in other words, on that portion between the buffer and 
head. 

An inspection of the curves will show the loading increments, 
elongation for 10 inches gauge len^h corresponding to these incre- 
ments and the permanent seli obtamed. 

Physical tests were made on soUd test bars taken from both stocks. 
These tests were located and marked as follows: 




As noted in sketch, a test specimen 0.505 inch diameter, 2-inch 

fauge length, was taken from outside of bar and one from the center. 
L solid test specimen was also taken from the solid end of the piston 
rod No. 64, made from stock A sent to this arsenal for test purposes. 
The results of these tests are tabulated below. 



Description of S{)ecimen. 



Propar- 
tional 

limit 
(pounds 

per 
square 
inch). 



Stock A, middle 44,000 

Stock A, outer i 43,000 

Stock B, middle 29,000 

Stock B, outer 30,000 

Specimen from piston rod, stock A . 40, 000 



Yield 


Tensfle 


• 




/ 


point 


strength 






BrineU 
hard- 


(pounds 


(pounds 


Elonga- 


Contrao- 


per 


per 


tion. 


tlon. 


ness. 


square 


square 








inch). 


inch). 


- 


PereerU. 








Percent. 




45,500 


103,000 


15.5 


24.0 


197 


44,500 


101,000 


18.0 


27.4 


187 


30,500 


80,000 


29.5 


49.1 


149 


36,000 


86,500 


27.0 


49.1 


163 


101,500 


16.0 


24.0 


202 



1 Not well defined. 
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The f oUowing data from different tests of this material made at other 
places is coUected and tabulated for purposes of comparison: 



Deicription of specimen. 



Elastic 

limit 

(pound 

per 
sqoare 
inch).i 



Tensile 
strength 
(pound 

per 
square 
inch). 



Solid bar midway between center and outside, stock B . . 58, 500 

Do _. 60,000 

Solid bar midway between center and outside, stock A . ■ ^^7,^ 

Stock B , 51,608 

Stock A • 58,000 

Solid specimen from rod ITo. 11 43,750 

Solid specimen from rodl Ko. 28 .-^ 51,150 



I 



, 96,000 
96,000 
' 105,800 
! 91,250 
! li)6,400 
! 78^750 
90, sop 



tion. J^**^ 

of area. , 



PerceTU. 
28.0 
27.0 
18.0 
29.5 
17.0 
31.5 
28.5 



Percent. 
67.3 
55.9 
30.8 
58.3 
27.1 
52.2 
40.15 



I 



1 The figures quoted in this column are beOiyed to be in reality "yield pointst" although quoted ai 
"elastic limits.'' 

The above test of stock A showed an elastic limit of 67,280, whereas 
the test at Rock Island Arsenal on this stock gave a result of 58,000, 
The results of this arsenal on the stock A test bars gave 44,000 aad 
43,000, respectively, which was decidedly lower than either the above 
tests on this stock. In all cases the tensile strength, as determined 
at this laboratory, was lower than the tensile strength obtained on 
the respective materials elsewhere. 

It woiild seem apparent that stock accepted for the manufacture 
of the pistoii rods m question did not meet the specifications for 
forged steel '*4-" The discrepancies between the various tests can 
onfy be accounted for in two ways, as previously stated, (1) the selec- 
tion of specimen not representative, or (2) the improper method of 
determination of th^ elastic Umit. 

If the proof stress appUed is high, as is the case in the 4.7-inch 
howitzer piston rods, it is essential that the true limit of proportion- 
ality be aetermined for the material from which the rods are made. 
If a simple yield-point determination be made and some correction, 
which is at oest very uncertain, be applied in deducing the elastic 
limit or limit of proportionalitv, it seems certain that trouble wR 
ensue. The jdeld pomt is not tne point at which the first permanent 
set takes place, and in many steefe it is impossible to locate a well- 
defined yield. 

This is one case among several which have come imder the notice 
of this laboratory in which the possibility of different interpretations 
of the term '^elastic limit" has worked toward confusion or error in 
the operation of this determination. It is obvious from inspection 
of the graphs of the various samples here tested that the ^^ elastic 
limif on which this metal was accepted was not the true ^^ elastic 
limif or ^'proportional limit.' ^ It is quite obvious that the designer 
of this piston rod could have contemplated nothing but the true 
elastic limit or proportional Umit in laying out the section of this rod, 
as is to be deduced from the fact that a proof stress of seven-eighths 
of the prescribed elastic limit is called for as an acceptance test for 
the finished pieces. 

It is well Known that in a large percentage of steels the true elastic 
limit is well below the '' commercial elastic limit'' or "yield point,'' 
the ratio between the two depending on the natiu'e of the material 



ia 



i. 
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undergoing test, and to accept metal on the ^conunerciaj elastic 
limit '^ or ''yield point" makes it very uncertain whether or not a 
proof stress of seven-eighths the prescribed elastic limit would give 
permanent set to the piston rod. 

The determination of a probable true elastic limit by application 
of some factor or correction deduced from tests of similar metaJs or 
their comparative tests is an unsafe method to follow in any case 
such as the one now under consideration, where the factor of safety 
is small and no permanent set is permissible. 

Physical tests were made on the four piston rods as follows: 

Piston rod No. 11 placed in machine and loaded to breaking stress 
May 26, 1916. 

Piston rod No. 60 loaded to breaking stress May 26, 1916. 

Piston rod No. 64. 1. Loaded to 47,000 pomuis 3.30 p. m., May 
27, 1916. Load removed. 2. Loaded to breaking stress 1.46 p. m.. 
May 31, 1916, or approximately three days after application of first 
stress. 

Piston rod No. 23. 1. Loaded to 50,000 pounds May 26, 1916. 
Removed from machine. 2. Loaded to 54,000 pounds May 31, 1916. 
Keinoved from machine. Five-day interval between first and secoad 
loading. 3. Loaded to breaking stress June 9, 1916. Nine d^ays 
between second and third loading. 

The results are tabulated in the form of a table. 

The location of the fracture and the amount of reduction of area 
accompanying same is shown in photograph No. 3418. 



i 



64 
64 

28 
23 
23 
60 
U 



XXescription of test. 



l^oadQd io 47,000 

pounds May ^ 

Loaded to brealdiiff 

stress May 31, tlveo' 

day interval. 

Ivoaded to 50,000 

pounds May 26,1916. 
Loaded to 04,000 

paaodsMay31,1916. 
Loaded to preaking 

stress June 9, 1916... 
Loaded to breaking 

stress May 26, 1916.. 
do 



Pro- 

tional 

Umh 

(pounds 

per 
^f^uare 
inch). 



42,000 

32,000 

42,000 

36,000 

36,000 

25,000 
30,000 



Yield 

point 

(pounds 

per 
square 
inoii). 



46,500 

47,000 

47,000 

49,000 

63,000 

45,000 
46,500 



Tensile 
strength 
(pounds 

per 
sqil&re 
inch). 



(pounds (pounds 



100,800 



77,400 

77,900 
82,000 



Set in 10 inches at- 



20,000 



per 

square 

inch). 



a0004 

.0005 

.0003 

.0000 

.0006 
.0004 



30,000 



per 
square 

inch). 



40,000 
(pounds 

per 
square 
inch). 



0.0002 



a0007 .0014 



.0009 

.0003 

.0001 

.0006 
.0007 



.0019 

.0009 

.0006 

.0029 
.0Q16 





R^ 


Re- 


Elon- 


duo- ; duo- 


fS^ 


tion 


tion 


turn 


of 


of 


in 10 


area 


area 


Inches. 


of 


of 


1 


rod. 


cavity. 


1 

P.et. 


P.et. 


P.et, 


16.4 


23.8 


23.5 


22.0 


29.2 


36.3 


(») 


41.5 


40.1 


29.2 

1 


3a6 


36.3 

1 



1 Fractured outside gauge marks. 



The graphs plotted from the data obtained are shown herewith, 
and the complete data for each rod and bar tested is included at the 
conclusion oi the report. 

Concerning the data derived from the piston rods, the following 
remarks can oe made: 



BOD NO. 64. 



The first loading of this rod was such that the elastic limit was 
exceeded. The second loading three days later showed that the 
elastic limit had been lowered, but the yield point slightly raised. 
It is very evident that a proof stress of 47,000 pounds would have 

8081&— 17 5 
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given a decided permanent set in this rod, notwithstanding the fact 
that it was made of stock A, which was decidedly better than the 
bars from stock B. 

Furthermore, if after the appUcation of a proof stress of 47,000 
pounds a second proof stress of 40,000 pounds had been applied, 
lurther elongation would have resulted, as the elastic hmit as deter- 
mined by the second loading was 32,000 pounds. This lowering of 
the elastic limit by the first hyperelastic strain is not to be confused 
with the increasing of the yield point by the first hyperelastic strain. 

A very pertinent paragraph by Howe can be well (quoted at this 
point.^ '* Though simple overstrain followed by rest raises the tensile 
strength, yield point, and proportionality limit, etc/' It seems well 
established that rest or annealing is essential to elevate the propor- 
tionality limit by prior overstram if the determination of the pro- 
portionality limit is accurately made. 

The second permanent set observed in the defective piston rods 
manufactured at Rock Island Arsenal, or in other words, the set ob- 
served on the apphcation of the 40,000-pound proof stress following 
the 47,000 pounds previously apphed, can be explained in two ways: 

1. The original proportional umit of some of the material bemg 
very low, the first overstrain might not raise this hmit above 40,000 
pounds, the amount of the second proof stress. 

2. The original proportional limit may have actually been lowered 
by the first overstrain by sufficient time not having elapsed for the 
material to recover. From the experiments carried out at this arse- 
nal, the last assumption seems to be the most logical. 

ROD NO. 23. 

Piston rod No. 23 had been previously elongated, by the proof 
stress at Rock Island, 0.023 inch. A solid-test specimen taken from 
this bar at that arsenal gave the result previously recorded. Elastic 
limit, 51,150; tensile strength, 90,300. 

Upon the first appUcation of stress at this arsenal proportional 
limit was 42,000 and yield point 47,000. The second application 
gave proportional limit 36,000, yield point 49,000, and the third load- 
ing gave proportional limit 36,000, yield point 53,000. 

In other words, the proportional limit was lowered by the over- 
straining, whereas the yield point was raised. It is also of interest to 
note that at any given load the permanent set was less for each suc- 
ceeding application of the stress. (See data table.) It was estab- 
lished oeyond reasonable doubt that 14 days' rest was not suflBcient 
to allow the rod to recuperate or show any tendency toward the ele- 
vation of the proportional limit. 

RODS NO. 60, NO. 11. 

Both rods showed a very low proportional limit and would have 
shown a decided permanent set ii a proof stress of 40,000 pounds had 
been applied. 

An inspection of the graph will show that specimen 64-3-S, which 
was taken from rod No. 64, did not have a well-defined yield point. 
The proportional limit is, however, well defined at 40,000. 

The nrst loading of rod No. 64 showed a yield point at 42,000 
pounds. There is apparently no cause to conclude from this data 

1 Proceedings A. S. T. M., vol. XIV, 1914, p. 13. 
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that a specimen annular in form is more likely to take permanent set 
than -a solid specimen. 

Chemical analysis. 



Location of specimen. 



C. 



' Perceni. 

( 546 

Stock B, outer portion - i< ] ^gg 

'i 402 

stock B, middle ;{ ; JJJ 

Stock B, outer portion A ]51g 

a* 1 A ) '^4 

Stock A \ 544 



Mn. 


Si. 
Per cent. 


S. 


P. 


Per cent. 


Per cent. 


Per cent. 


0.56 


6.094 


0.021 


0.016 




::::::::::::: ::::::i 


1 


1 


.60 


.162 


.020 


.015 











The chemical analysis of both bars showed them to be of desirable- 
composition, stock A being about 0.10 per cent higher in carbon thaa. 
stock B. 

MICitOSCOPICAL. 

The heat treatnient as reported on stock B was an oil quench from 
1,425° F., or 774° C, and annealed at 1,175° F., or 635° C. 

The heat treatment as reported on stock A was annealing at 1,400° 
F., or 760° C. 

Micrographs Nos. 3414 and 3415, at 50 and 500 diameters, respec- 
tively, snow the structure of stock B in the middle of the bar. The 
structure is decidedly bad, being not only streaked, but showing also 
the triangular arrangement of ferrite. Micrographs Nos. 3417 and 
3416, at 50 and 500 diameters, respectively, show the structure of the 
same metal near the outer portion of the bar. Again it may be said 
that the structure is very bad, differing from micrographs Nos. 3414 
and 3415 in showing less free ferrite. 

The quenching temperature reported on stock B, namely, 774° C, 
is not sufficiently hign for a steel of approximately 0.50 per cent 
carbon, and the great excess of free femte so apparent in all the 
micrographs of this stock very well confirms the idea of too low a 
quenching temperature. 

To veruy the correctness of the above, a 6-inch section of stock A 
was heat treated as follows: Quenched from 815° C. in oil after soak- 
ing at this temperature 2 hours, followed by drawing IJ hours at 
650° C. 

The structure in the center of the bar after this treatment is shown 
in micrographs Nos. 3419 and 3420, at 50 and 500 diameters, respec- 
tively. The great improvement brought about by proper treatment 
becomes apparent on comparing this structure with that of the bar 
as received, micrographs Nos. 3414 and 3417. 

The usual criticism of the laboratory treatment of small pieces can 
not be made, as the specimen treated was a 6-inch length of the 3 J-inch 
bar. The treatment of a longer bar is simply a question of a proper 
furnace and quenching tank. 

Micrographs Nos. 3412 and 3413, at 50 and 500 diameters, respec- 
tively, of stock A, show a very coarse-grained pearlitic structure. The 
annealing temperature reported for this stock was 760° C. It is 
doubtful if this temperature is sufficiently high to cause any grain 
refinement. At least it is so very close to the critical range that 
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attempted annealing at this temperature would be dangerous. The 
extreme coarseness of this stock is explicable in one of two ways: 
The annealing may have been done at a temperature much higher 
than the reported temperature, or the original structure was very 
coarse, due to a high finishing temperature, and the annealing was 
not carried out at a sufficiently high temperature to cause any 
refinement. 

A bar of stock A was annealed two hours at 775^ C. and furnace 
cooled. The raicrostructure is shown in micrographs Nos. 3421 and 
3422. On comparing the structure after treatment in this labora- 
tory with that existing before treatment, micrographs Nos. 3412 and 
3413, a decided improvement is noticeable. 

Marks, 64. 

Sectional area, 1 s(][uare inch (annular specimen). 

Ciauged length, 10 inches. 



Applied 
loads 
(total 

pounds). 



1,000 
5,000 
10,000 
16,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 

40,000 

42,000 
43,000 
44,000 
45,000 
46,000 
47,000 



1,000 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
86,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
100,800 



{ 



In gauged length. 



Elonga- 
tion. 



Inch. 



0.0007 
.0024 
.0043 
.0062 
.0068 
.0077 
.0084 
.0091 

. WWo 

.0106 
.0113 
.0120 
.0128 
.0135 
.0136 
.0145 
.0150 
.0155 
.0161 
.0167 
.0353 



Remarks. 



Bet. 



Inch. 



Initial load. 



0.0(M>? 



.0165 



.0003 
.0011 
.0018 
.0026 
.0033 
.0041 
.0049 
.0057 
.0066 
.0074 
.0082 
.0090 
.0100 
.0108 
.0116 
.0125 
.0134 
.0143 
.0153 
.0164 
.0176 
.0192 
.0208 
.0290 
.0397 



.0002 



.0004 



.0007 



.0014 



Hod removed from tasting machine and rested from 3.30 p. m. 
May 27, 1916, until 1.45 p. m. May 31, 1916. New gaugft IfOg^ 
of 10 inches laid off and test contmued. 



.0194 



Micrometer removed. 

Tensile stren^h. 

Fractured the rod 101 nches from end, head end. 



Vlicroeniph 3*21. 50 X 



Micrograph 342Z. XO X 



lie 

liiHlI^ 

On 
k< 
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Elongation after fracture, 1.64 inches equal 16.4 per cent. 

Outside diameter at fracture, 1.31 inches equal 1.34 square inches 
sectional area. 

Inside diameter at fracture, 0.88 inch equal 0.60 square inch sec- 
tional area. 

Outside contraction of area equal 23.8 per cent. 

Insi(le contraction of area equal 23.5 per cent. 

Position of fracture equal 10 inches from end of rod, head end. 

Appearance of fracture, granular with patch of pmorphous. 
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Marks, 60. 

Sectional area, 1 square inch (annular specimen). 

Gauged length, 10 inches. 



Applied 
loads 
(total 

pounds). 



1,000 

2,000 

4,000 

6.000 

8,000 

10,000 

12,000 

14,000 

i«.aoo 

18,000 
20,000 
22,000 
24,000 
26,000 
2R.000 
30,000 
32,000 
34,000 
36,000 
38.000 
40,000 
42,000 
44,000 
46,000 
48,000 
.50,000 

77,200 



In gauged length. 



^'IST' s«f 



Remarks. 



Inch. 1 


Inch. 


6.0662 ' 




.0009 




.0016 ' 




.0023 
.0032 , 
.0041 ' 


'6.' 6662" 


.0048 




.0058 > 




.0067 




.0075 i 
.0086 1 


.0003 


.0094 




.0105 


...a...... 


.0113 




.0124 
.0136 


.0008 


.0151 




. 0162 




.0177 




.0196 
.0216 


.0029 


.0243 




.0295 




.0463 




.0682 


.0457 







j Initialload. 



Tensile strength. 



Fractured outside gauge length. 

Outside diameter at fracture, 1.15 inches equals 1.03 square inches 
sectional area. 

Inside diameter at fracture, 0.78 inch equals 0.47 square inch 
sectional area. 

Outside contraction of area equals 41.5 per cent. 

Inside contraction of area equals 40.1 per cent. 

Position of fracture equals 6 inches from end of rod, head end. 

Appearance of fracture, silky. 
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Marks, 11. 

Sectional area, 1 square inch (annular specimen). 

Gauged length, 10 inches. 



Applied 
loads 
(total 

poimds). 


In gauged length. 


Remarks. 


Elongar 
tlon. 


Set. 


1,000 

5,000 

10,000 

15,000 


Inch. 


Inch. 


. 


6. 6616 
.0035 
.noRR 








20,000 .0076 
25,000 .0006 


0.0004 


30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45.000 
46,000 
47,000 

48,000 

49,000 
50,000 

82.000 


.0118 
.0129 
.0138 
.0149 
.0162 
.0173 
.0181 
.0190 
.0196 
.0207 
.0218 
.0234 
.0273 
/ .0350 
t .0373 
.0440 


.0007 








.0016 
























.......... 




.0536 


.......... 

.0319 


Tensile strength. 


* 





Elongation after fracture, 2.02 inches equals 20.2 per cent. 

Diameter at fracture, outside equals 1.25 inches equals 1.22 square 
inches sectional area. 

Diameter at fracture, inside equals 0.80 inch equals 0.50 square 
inch sectional area. 

Outside contraction equab 30.6 per cent. 

Inside contraction equals 36.3 per cent. 

Position of fracture equals 20.25 inches from end, head end. 

Appearance of fracture, silky. 
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Marks, 23. 

Sectional area, 1 9<juare inch (annular specimen) 

Gauged length, 10 inches. 



Applied I 
(total 



In gauged length. 



1,000 
5,000 
10,000 
15,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 



1,000 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 



1,000 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 



Elonga- 
tion. 


Set. 


Inch. 


Inch. 


0.0033 
.0053 


0.0001 


.0074 




.0095 
.0103 


.6665 


.0112 




.0122 




. 0130 




.0138 
.0147 




.0009 


.0156 




.0164 




.0173 




.0184 
.0196 


.0019 


.0207 




.0226 




.0319 




.0567 


.0356 


.0004 




.0011 




.0018 




.0027 




.0035 
.0049 


.0002 


.0053 




.0062 




.0068 




.0077 
.0086 


.0003 


.0093 




.0103 




.0111 




.0120 
.0128 


.0003 


.0137 




.0147 




.0156 




.0168 
.0178 


.0009 


.0192 




.0205 




.0222 




.0255 
.0444 


.0042 


.0725 


.0485 


.0002 




.0006 




.0014 




.0022 




.0029 
.0038 


-.0002 


.0045 




.0053 




.0062 




.0072 
.0082 


-.0002 


.0092 




.0099 




.0108 




.0116 
.0126 


-.0001 


.0134 




.0142 




.0153 





Remarks. 



.0164 



Initial toad. 



Rod removed from testing machine May 36 and rested imtil May 31, 
1916. New gauge length of 10 inches laid off on rod and test con- 
tinued. 



.0004 



Rod removed from testing machine and rested from 4.10 p. m., May 
31, 1916, until 1.30 p. m. June 9, 1916. New gauge length of 10 
inches was laid off on rod and tost continued. 
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Applied 
to 



In gauged length. 



load 

(^°^\ I Etonga- 
pounds). ,S* 



Remarks. 



Set. 



42, 
44, 
46, 
48, 

^' 

56, 
77. 



! 

000 
000 
000 
000 > 
000 i 
000 I 
000 ' 
000 
400 



Inch. 
0.0174 


Inch. 


.0186 




.0198 




.0210 




.0225 
.0248 


0.0013 


.0290 




.0536 


^.0289 Micr 
Tcm 


# 





Micrometer removed. 
Tensile strength. 



Elongation after fracture, 2.20 inches equals 22 per cent. 

Outside diameter at fracture, 1.17 inches equals 1.07 square inches 
sectional area. * 

Inside diameter at fracture, 0.80 inch equals 0.50 square inch 
sectional area. 

Outside contraction of area, 39.2 per cent. 

Inside contraction of area, 36.3 per cent. 

Position of fracture, 12 inches from end of rod, head end. 

Appearance of fracture, fine granular, 76 per cent; dull silky, 26 
per cent. 
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Marks, E 2459 O. 
Diameter, 0.505 inch. 
Sectional area, 0.20 square inch. 
Gauged length, 2 inches. 



Applied loads. 



In gauged length. 



Total 
pounds. 



200 

1,000 

2,000 

3,000 

4,000 

5,000 

5,400 

5,800 

6,000 

6,400 

6.S00 

7:000 

7,200 

7,400 

7,600 

7,800 

8,000 

8,200 

S,400 

8,600 

8,800 

9,000 

9,200 

9,400 

9,600 

9,800 

10,000 

10.200 

10,400 

10,600 

10.800 

11,000 

11,200 

11,400 

11,600 

11,800 

12,000 

20,200 



Pounds 

per ; 
square 
inch. 



1,000 
5,000 
10,000 
15.000 
20,000 
25,000 
27,000 
29.000 

3o;ooo 

32,000 
34.000 
35 000 
36,000 
37,000 
38,000 
39,000 
40,000 
41.000 
42,000 
43.000 
44,000 
45,000 
46,000 
47.000 
48.000 
49,000 
."W.OOO 
51,000 
O2.0Q0 
53,000 
54,000 
55,000 
d6,000 
57,000 
58.000 
59,000 
60,000 
101,000 



Elonga- 
tion. 



Inch. 



Remarks. 



Set. 



Inch. 



Initial load. 



0.0002 
.0004 
.0007 
.0009 
.0013 
.0014 
.0015 
.0016 
.0018 
.0019 
.0020 
.0021 
.0022 
.0023 
.0023 
.0024 
.0026 
.0026 
.0027 
.0029 
.0040 
.0094 
0102 
.0110 
.0120 
.0131 
.0146 
.0164 
.0164 
.0176 
.0191 
.0202 
.0215 
.0228 
.0241 
.0259 



0.0010 



0090 



Tensile strength. 



Elongation after fracture, 0.36 inch, equals 18 per cent. 

Elongation of inch sections, 0.22 inch, 0.14 inch. 

Diameter of fracture equals 0.43 inch. Sectional area at fracture 
equals 0.145 square inch. 

Contraction of area equals 27.4 per cent. 

Position of fracture, 0.95 inch from the neck. 

Appearance of fracture, fine granular 50 per cent, dull silky 50 
per cent. 

Brinell hardness number equals 187. 
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Marks, E 2459 M. 
Diameter, 0.505 inch. 
Sectional area, 0.20 square inch. 
Gauged length, 2 inches. 



Applied loads. 


In gauged length. 


Remarks. 


Total 
pounds. 


Pounds 

per 

square 

inch. 

1,000 
5.000 
10,000 
15,000 
20,000 
22,000 
24,000 
25.000 
27,000 
29,000 
30,000 
32,000 
34,000 
35,000 
36,000 
38,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58.000 
59.000 
60. nm 


Elonga- 
tion. 

• 


Set. 


200 

1,000 

2,000 

3,000 

4,000 

4,400 

4,800 

5,000 

0,400 

5,800 

6,000 

6,400 

6,800 

7,000 

7,200 

7,600 

8,000 

8,200 

8,400 

8,600 

8,800 

9,000 

9,200 

9,400 

9,600 

9,800 

10.000 

10,200 

10,400 

10,600 

10,800 

11,000 

11,200 

11,400 

11,600 

11,800 

12.000 


Inch. 


Inch. 


Initial load. 


0.0002 
.0005 
.0008 
.0011 
.0012 
.0013 
.0014 
.0015 
.0017 
.0018 
.0019 
.0020 
.0021 
.0022 
.0023 
.0024 
.0025 
.0026 
.0026 
.0027 
.0029 
.0033 
.0043 
.0072 
.0092 
.0098 
.0106 
.0116 
.0128 
.0134 
.0146 
.0156 
.0171 
.0184 
.01«5 
.0208 


















1 












/• 








• 








Tensile strength. 












' o.om' ' 






.0058 




















20,600 10.^! 000 1 













Elongation after fracture equals 0.31 inch, equals 15.5 per cent. 

Elongation of inch sections, 0.20 inch, 0.11 inch. 

Diameter at fracture equals 0.44 inch. Sectional area at fracture 
equals 0.152 square inch. 

Contraction of area equals 24 per cent. 

Position of fracture, 1.70 inches from the neck. 

Appearance of fracture, fine granular, 85 per cent; dull silky, 15 
per cent. 

Brinell hardness number equals 197. 
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Marks, B 2459 O. 
Diameter, 0.505 inch. 
Sectional area, 0.20 square inch. 
Gauged length, 2 inches. 



AppUml load;. 



I In iaugcd Imph. : 





- /«».' 


Iae». 






1 ' ioois 

1 1 .0014 

1 s 

1 .ODSO 

i S 
















0.0001 ' 








.0030 


.66i3 < 




■i 

ioioi 

:015S 

is 

.oral 

.0247 

:ffi 

.019S 

.am 

.0887 
.0390 
















































fVS 






ass 






















«o;SSS 

86,500 











Elongation after fracture, 0.54 inch equals 27 per cent. 
Elongation of inch sections, 0.35 inch, 0.19 inch. 
Diameter at fracture equals 0.36 inch. Sectional area at fracture 
equals 0.101 square inch. 

Contraction of area equals 49.1 per cent. 

Position of fracture equals 1.10 inches from the neck. 

Appearance of fracture, duU silky. 

Brin ell hardness number equals 163. 
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Marks, B 2459 M. 
Diameter, 0.505 inch. 
Sectional area, 0.20 square inch. 
Gauged length equals 2 inches. 



1 

1 Applied loads. 

1 


In gauged length. 


Remarks. 

• 

Tensile strength. 


1 

Total 
pounds. 


Pounds 

per 

square 

inch. 


Elonga- 
tion. 


Set. 


1 

! 200 


1,000 
5,000 


Inch. 


Inch. 


; 1,000 


6.0002 




2,000 


10,000 ; .6606 
15, (KM) > .0011 
20,000 i .0015 




3,000 
4,000 
5,000 
6,000 
6,200 
6,400 
6,600 
6,800 
7,000 
7,200 
7,400 
7,600 
7,800 
8,000 
8,200 
8,400 
8,000 
8,800 
9,000 
9,200 
9,400 
9,600 
0^800 
10,000 

16,000 






25,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
30,0(M) 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 

80,000 


.0020 
.0027 
.0045 
.0051 
.0060 
.0073 
.0064 
.0096 
.0110 
.0126 
.0141 
.0156 
.0171 
.0186 
.0196 
.0215 
.0230 
.0250 
.0265 
.0285 
.0310 
.0330 

• 




aooo8 















































Elongation after fracture, 0.59 inch equals 29.9 per cent, 
Elongation of inch sections, 0.28 inch, 0.31 inch. 
Diameter at fracture, 0.36 inch. 
Sectional area at fracture, 0.101 square inch. 
Contraction of area equals 49.1 per cent. 
Position of fracture, 1.30 inches from the neck. 
Appearance of fracture, dull silky. 
Bnnell hardness nitmber equals 149. 
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Marks, 64-3-S. 
Diameter, 0.505 inch. 
Sectional area, 0.20 square inch. 
Gauged length, 2 inches. 



Applied loads. 



Total 
pounds. 



200 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

«,000 

8,400 

8,800 

9,200 

9,600 

10,000 

10,400 

10,800 

11,200 

11,600 

12,000 

12,200 

12,400 

12,600 

12,800 

13,000 

13,200 

13,400 

13,600 

13,800 

14,000 

14,200 

14,400 

14,600 

14.800 

15,000 

15,200 

15,400 

15,600 

15,800 

16,000 

20,300 



Pounds 

per 

square 

inch. 



1,000 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
61,000 
62,000 
63,000 
64,000 
65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
101,500 



In gauged length. 



Elonga- 
tion. 



Set. 



Remarks. 



Indi. 



Inch. 



0.0002 
.0005 
.0006 
.0012 
.0016 
.0020 
.0024 
.0027 
.0029 
.0030 
.0032 
.0033 
.0035 
.0038 
.0039 
.0041 
.0043 
.0046 
.0049 
.0050 
.0053 
.0054 
.0056 
.0060 
.0062 
.0065 
.0069 
.0074 
.0079 
.0084 
.0090 
.0098 
.0107 
.0118 
.0129 
.0150 
.0164 
.0180 



0.0001 



Initial load. 



.0002 



0006 



0022 



.0113 



Tensile strength. 



Elongation after fracture, 0.30 inch eg[uals 15 per cent. 
Elongation of inch sections, 0.19, 0.11 inch. 

Diameter at fracture, 0.44 inch. Sectional area at fracture equals 
0.152 square inch. 

Contraction of area equals 24.0 per cent. 

Position of fracture, 0.40 inch from the neck. 

Appearance of fracture, fine granular 75 per cent, dull silky 25 per 

cent. 

BrineU hardness number equals 202. 
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The specimen previously etched with HNO, was repolished and 
etched with Stead's reagent to determine the possible presence of 
segregation. Photograph No. 3271, at approximately three diam- 
eters, shows the appearance of the specimen after the treatment with 
Stead's reagent. The presence of many bright bands (appearing 
dark in this photograph, as oblique illumination was used) is apparent. 

Micrograph No. 3273, at 50 diameters, was taken at the approxi- 
mate location indicated on photograph No. 3271 by the circle A. 
This was also the location of micrograph No. 3269. According to the 
work of Stead, the microstructure snown in micrograph No. 3273 
would be interpreted as follows: The light bands are caused by the 
presence of streaks of high phosphorus ferrite on which the copper of 
the reagent does not deposit as readily as on the portions low in phos- 

i)horus. The very broad light band corresponds to the broad oand 
ow in carbon shown in micrograph No. 3269 by nitric-acid etching. 

It is to be pointed out at th£ point that there is a decided banding 
in the metal not caused by carbon segregation, as the carbon is fairly 
uniformly distributed, with the exception of the one broad band, 
micrograph No. 3269. The only reasonable conclusion is that the 
banding is caused by the elongation due to forgiag of portions of 
the metal rich in some constituent other than carbon. As the 
analysis showed a plain carbon steel, the only remaining element 
subject to segregation was phosphorus. 

■ Micrograph No. 3272, taken after etching with Stead's reagent, 
reveals the presence of bands in a portion of the specimen marked on 
photograph No. 3271 by circle B, m which there was no banding due 
to caroon segregation. In other words, a nitric-acid etch showed 
no bands at this point. 

As Stead's reagent is held in suspicion by some, the specimen was 
repolished and etched with Le Chatalier's modification of Stead's 
reagent. The action of this reagent is held to be more reUable. 
As near the same location as possible was chosen for micrographs Nos. 
3274 and 3273. The broad, high phosphorus band is again very 
evident, as well as narrower bands on either side. Considering the 
fact that the phosphorus content, as determined by analysis, was 
0.048 per cent, the actual content of any band may nave been very 
high, causing excessive cold shortness in the bands themselves. 

Although the evidence of the existence of high phosphorus bands 
was very good, a simple experiment was carried out with very inter- 
esting andconclusive results, A small section of the piece submitted 
to the laboratory, and having a structure very similar to micrograph 
No. 3269, was neated to 1,000® for 16 minutes and cooled in tne 
furnace. The resulting microstructures are shown in micrographs 
Nos. 3277, 3276, and 3278. 

The heat treatment outlined above has not lessened segregation; 
but on the contrary has increased it. Micrograph No. 3277, for 
example, has all the characteristics of a cold-worked low-carbon 
material. Micrographs Nos. 3276 and 3278 are particularly interest- 
ing in showing areas of very fine-grained structure occurring very 
close to the coarsely crvstallme banded structure. 

The specimen heated to 1,000® and slowly cooled was repolished 
and then etched with Stead's reagent. The resulting microstruc- 
tures are shown in micrographs Nos. 3280 and 3279. 



Microeraph 3278. 



Micrograph 32S1. 
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It is evident from these micrographs that the light streaks are the 
ferrite bands which were so pronounced under nitric-acid etching. 
Furthermore, it developed that the dark areas of micrographs Nos. 
3280 and 3279 correspond to the fine-grained areas of micrograph 
Nos. 3276 and 3278. 

The conclusion to be drawn from this is that the ferrite bands are 
high in phosphorus, and furthermore, the fine-grained areas of 
micrographs Nos. 3276 and 3278 are lower in phosphorus than the 
coarse-grained portions. The influence of phosphorus on grain size 
lias been the subject of considerable work by many investigators, the 
conclusion being that phosphorus has a decided tendency to coarsen 
the ferrite grains. 

The decided banding of the carbon caused by heating to 1,000° 
and followed by slow cooling, as shown in the preceding micrographs, 
is explained as follows: Micrograph No. 3269, which is representative 
of the metal as received, shows very little carbon segregation, but 
upon etching with Stead's reagent, micrographs Nos. 3273, 3272, and 
3274 reveal the presence of bands high in phosphorus. 

Upon heating this specimen to 1,000°, the carbon will distribute 
itseli uniformly by diffusion, but phosphorus, not diffusing readily, 
Avill not have its distribution altered, tjpon slow cooling the carbon 
^11 be rejected from the bands high in phosphorus, as its solubility 
therein is decidedly lower than in portions of the specimen low in 
phosphorus. The result will be a structure banded not only with 
respect to phosphorus, but also to carbon. If the cooling had been 
more rapid, the carbon would not have had the opportunity to be 
completely rejected from the high phosphorus bands, and the result- 
ing structure would not have shown the decided banding of pearlite 
and ferrite. In support of this last contention, the following experi- 
ment is offered. 

A portion of the sample previously heated to 1,000° C. and furnace 
cooled (micrographs Nos. 3277, 3276, 3278, 3280, and 3279) was re- 
heated to 1,100° C. and cooled in air. This specimen was first ex- 
amined after nitric-acid etching. The structure is shown in micro- 
graph No. 3275. 

As pointed out in the preceding paragraph, there is no trace of 
carbon segregation. Upon etching this sample with Stead's reagent 
(micrograph No. 3281) the bands nigh in phosphorus are shown stiU 
to be present. 

This experiment also established another point of interest. Micro- 
graph No. 3269 of the specimen as receivea shows a decided trian- 
gulation of the constituents. In other words, the ferrite occurs in 
the cleavage planes of the original austenite crystals. This structure 
is duplicated very closely by air cooling from 1,100° C. (micrograph 
No. 3275.) The explanation of this is that the original forging was 
finished at too high a temperature. The forging should have been so 
conducted that the finishing temperature would have been lower, 
thus producing a finer structure. Without the presence of the high 
phosphorus bands, the structure developed would probably not have 
caused any difficulty, but it is needless to say that such a structure 
as shown m micrographs No. 3269 or No. 3275 will not have as great 
ductility or resistance to shock as a finer network structure. 

80815—17 6 
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The primary cause of failure of this forging was the presence of 
many broad bands high in phosphorus, making the bands themselves 
very cold short. A good deal has been written regarding the cause 
of brittleness in banded material, and the banding necessary to cause 
rejection of material. A fine distinction is not necessary in the speci- 
men examined, as such pronounced banding is always dangerous. 
The inspection of purchased stock for this defect is possible, and 
although such an inspection might be costlv, it seems apparent that 
the results obtained would repay manyfold the increased expendi- 
ture. 
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INVESTIGATION TO DETEEMINE NATURE OF MATERIAL IN 
BROKEN DRIVING SHAFT OF AUTOMOBILE TRUCK. 

OBJECT. 

The object of this experiment was to determine the nature of the 
material used in the driving shaft of an automobile truck which had 
broken in service and to determine if this material was defective. 

CONCLUSIONS. 

It was found that the steel used in the driving shaft was too soft 
and ductile for this purpose and also that it was banded longitudi- 
nally. A number of inclusions were present in the bands. Better 
physical properties could be obtained in this material by proper heat 
treatment. 

EXPEBIMENTAIi. 

The material was first subjected to a chemical analysis, followed 
by microscopical examination. Tensile, Brinell, and Charpy tests 
were carried out on the material as used in the shaft. 

A cooling curve was then taken and the critical points of the mate- 
rial^determined. Three specimens were then heat treated and tested 
both physically and microscopically. 

The chemical analysis of the steel used in the driving shaft gave the 
following results: 



c. 



Per cent. 
0.366 



Mn. 



Si. 



Ni. 



Per cent. , Per cent. 



0.80 



0.108 I None. 



Cr. 



Va. 



Wo. 



Per cent. 
1.12 



Per cent. 
0.082 



None. 



It will be noticed that the vanadiima percentage is very low. 

A longitudinal section close to the fracture was polished and etched 
with the resultant microstructure shown in micrograph No. 3236. 
The streaked condition is very evident. The general microstructure, 
aside from this defect, is very good, being exceedingly fine. A num- 
ber of inclusions were noticed, and micrograph No. 3237, at 500 
diameters, shown below, shows one of these inclusions as well as the 
general microstructure at higher magnification. 

Micrograph No. 3238, at 60 diameters, shows the structure devel- 
oped by etching with Stead's reagent. This reagent developed the 
presence of many streaks, and the inclusions are very readily seen to 
lollow the light-colored bands developed by this etching. 

The presence of the banded structure in this steel accompanied by 
the inclusions observed may not have contributed to any very great 
extent to the failure, but their presence is far from desirable. 

The Brinell hardness was taken at a number of points and showed 
an average of 197. The tensile strength of a specimen taken from 
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the shaft was 96,500 pounds, the proportional limit 77,000 pounds, 
and the yield point 78,000 pounds, (jharpy tests were made of two 
bars and showed results oi 328 foot-pounds and 358 foot-pounds, 
respectively. 

It would seem very evident that a material showing the analysis 
given on the first page could be so heat treated as to yield more 




Sieel.ised At 



7h?y9,C. 



ji ytt^ ^sM P7t Ar S 



^2hf^. £h teroals 




desirable physical properties than were obtained in the driving shaft 
under discussion. This particular truck is so constructed that the 
driving shaft has to resist torsional stresses only, and a material so 
ductile and soft as this shaft would yield very easily under any ex- 
ceptional stress. 

To demonstrate the undeveloped possibilities of the material of the 
axle, the critical points were determined with the results shown on 
the following curves. 
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The upper critical point occurring at 845°, it would be in accord 
with practice on this class of material to quench from 900°. Three 
bars cut from the shaft were heated to 900 C. and held at this tem- 
perature 15 minutes. They were then oil quenched. Specimen 4 D 
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was drawn 15 minutes at 400°, specimen 4 E, 15 minutes at 500°, and 
4 F, 15 minutes at 600°. The results of the physical tests are recorded 
in the following table, together with the results on the untreated 
pecimen 4 U. The stress-strain diagrams are reproduced above. 



:rograph 3240, Quenchad ai 



82 



INVESTIGATIONS OF MATEEIAL. 



The Government acceptance test made on this forging was as 
follows: 

Yield point, 120,000 pounds per square inch; maximum strength, 
141,500 pounds per square inch ; elongation in 2 inches, 16.7 per cent ; 
contraction of area, 50.6 per cent ; appearance of fracture, sUky. 

For examination at this arsenal, the fractured end of the screw was 
cut oflF about ^ inch back of the broken end. The machined surface 
on the detached disk was then polished and etched for microscopic 
examination. 

Photograph No. 3024 shows the structure developed by etching 
with copper ammoniimi chloride. It reveals a material which is 
quite homogeneous, though there are evidences if minor segregation 
in the center and in one corner. On one side traces of ingotism are 
apparent, from which the inference may be drawn that the bar was 
forged from too small an ingot with a minimum amount of hot work. 

Sulphur prints were made from this same surface, and it was like- 
wise etched with tincture of iodine. No additional information was 
obtained by these treatments, however. 

The comer shown dotted on photograph No. 3024 was cut off, pol- 
ished, and examined microscopically. The segregated areas shown 
on photograph No. 3024 were lound to contain excessive slag and to 
be traversed by microscopic cracks. The microstructure of these 
areas is shown in micrographs Nos. 3027 and 3025. 

Two longitudinal and two transverse tension specimens, and six 
longitudin^ and six transverse Charpy impact specimens were 
machined out, care being taken to get them as close to the fracture 
as possible. The results of these tests are shown in the following 
tables : 

Table No. 1, 





Yield 


Tensile 








■ 




point 


strength 






Rrinpll 




Marks. 


(pounds 

per 
square 
inch). 


(pounds 

per 
square 
inch). 


Elonga- 
tion. 


Contrac- 
tion. 


hardness 
number. 


Appearance of fracture. 






Per cent. 


Per cenf. 






L 


101,500 


128,000 


20.5 


57.2 


262 


Fine silkv, serrated. 


L 


101,500 


128,000 


20.5 


57.2 


^62 


Do. 


T 


100,000 


125,000 


9.0 


13.3 


269 


Fine granular. 


T 


100,000 


124,500 


7.0 


9.5 


269 


Do. 



Table No. 2. 



Marks. 


Charpy impact results. 


Number 
of speci- 
mens. 


Maximum 

(foot- 
pounds per 
square 

inch). 


Minimum 

(foot- 
pounds per 
square 
inch). 


Average 
(foot- 
pounds per 
square 
inch). 


L 

T 


26. 65 
14.45 


14.50 

S.80 


19.48 
10.24 


6 
4 



In considering these results, several points immediately attract 
attention. The longitudinal tests are considerably lower in yield 
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Eoint and tensile strength than the acceptance tests of this material, 
ut even so, the material satisfactorily meets the specified require- 
ments for forged steel D. These longitudinal tensile tests show some- 
what better ductility figures than did the acceptance test. There 
is a marked difference in the ductility figures for the longitudinal 
and the transverse tests, although the strength figures are nearly 
the same. The transverse specimens showed very low ductihty 
with practically no local '^necking down.'' This is well illustrated 
in the accompanying photograph No. 3026. The moat striking 
result of these tests, however, is the low resistance to shock of this 
material as registered by the Charpy impact test. The fibres 
obtained, viz, 10 to 20 foot-pounds per square inch, are exceedmgly 
low, and are of the order of strength of cast iron in resistance to 
shock. 

The chemical composition of this material was checked at this 
laboratory, the results obtained being as follows: 

Per cent. 

Carbon 0. 45 

Manganese 66 

Silicon 188 

Sulphur 030 

• Phosphorus 023 

Nickel 3.10 

Chromium 1 . 14 

Copper 094 

For further microscopic examination of the metal, the broken 
ends of the tensile specimens were poUshed, etched, and examined. 
The metal was found to be almost free from slag. Certainly there was 
not enough of it present to make it harmful to an appreciable extent. 
Such amounts of it as were present were found in rounded rather than 
elongated areas, such as are shown on micrographs Nos. 3032 and 
3€28. This fact was additional evidence that the metal had not 
received a large amount of forging, for if it had the slag would have 
been elongated to a greater extent. It was found that the structure 
of this material was quite homogeneous, being as nearly as could be 
determined troosto-sorbite, which persisted in the structural arrange- 
ment of martensite. In other words, the structural constituent 
was troosto-sorbite, which retained some of the needleUke arrange- 
ment of martensite. Micrographs Nos. 3031, 3030, 3029, and 3028 
show this structure at magnifications of 50, 100, 250, and 500 diame- 
ters, respectively. 

Tlie effect of the cold work of machining the screws was investi- 
gated microscopically. Micrographs Nos. 3119 and 3120, taken on 
the edges of the thread of the elevating screw, show a small amount 
of cold work, the average depth being approximately 10 millimeters 
in the photographs, or in tne actual metal about yV millimeter. 
In order to clearly show this and to avoid rounding of the edge in 
pohshing, hard babbitt was cast aroimd the thread oefore pohshing. 
Considering the small extent to which the thread has been cold 
worked, this can not be considered as a factor in the fracture of the 
elevating screw. On the other hand, the metal has apparently been 
hardened at a high temperature, and the subsequent heat treatment 
has not satisfactorily wiped out the remains of the crystaUine marten- 
sitic structure. This is particularly evident in micrographs Nos. 3028, 
3029, and 3030. 
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It is believed that any metal showing the structural remains of 
« martensite will be more or less under strain, and will show brittle- 
ness by any shock tests. 

StnOCABY. 

It has been shown that — 

(1) The fractured end of the screw showed a normal appearance 
for a shock fracture for this material. 

(2) Macroexamination revealed no excessive segregation but a 
rather homogeneous structure. 

(3) Macroexamination revealed the presence of some ingotism. 

(4) The longitudinal tensile tests met the specifications for forged 
steel '/D/^ though these tests were lower in strength and slightly 
higher in ductiUty than the acceptance tests for this material. 

(5) Transverse tests showed abnormaUy low ductility as compared 
to the longitudinal tests. 

(6) The material had a very low resistance to shock. 

(7) The microscopic structure of the material was quite homo- 

geneous and consisted of troosto-sorbite^ which persfeted in the needle- 
ke structural arrangement of martensite. 

(8) On both heat and forging analysis the chemical composition 
was shown to be normal for a chrome-nickel steel of this type. 



MIcroErapn 3029. 



Mlcrosraph3120. 
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SUPPLEMENTABT BEPOST ON ELEVATING SCBEW FROM 

14-INCH D. C, MODEL OF 1907 M 1. 

OBJECT. 

The object of the supplementary experiment herein described was 
to determine: 

(a) The heat treatment required for steel of this composition to 
give it maximum Charp^ shock test resistance. 

(6) The tensile qualities corresponding to the maximum Charpy 
strength. 

CONCLXTSIONS. 

So far as can be stated from these results the heat treatment for 
this material to confer on it maximum shock-resisting q^uaUties is to 
oil quench from 800® C. and draw at 675° C. The physical qualities 
resulting from this treatment are evident in the table. 

PBOCEDXTBE. 

Two slabs 1 by 3 by 6 inches were cut from the remaining portion of 
the elevatmg screw and a small specimen for critical point determina- 
tion. Heatmg curves by the time teiuperature and differential 
methods were taken, and attached curves show the critical point Ac^, 
to be at about 725'' C. 

In the subsequent heat treatment of the two slabs 800® C. was 
selected as the temperature for annealijig and quenching, so as to be 
well above the critical point. 

Due to lack of sufficient material to complete h systematic investi- 
gation over the whole heat treatment range, only two heat treatments 
were selected. It was assumed from previous experience that the 
maximum Charpy quaUties could be obtained by one of the two fol- 
lowing methods of treatment. 

1. By thorough annealing and slow cooling, or 

2. By quenchm^ from above the critical point and drawing or tem- 
pering just below it. 

The two slabs were then treated as follows: Both were put in the 
electric furnace and brought up to 800° C, held 45 minutes, and one 
was then quenched in \male oil. The other was allowed to cool 
slowly in the closed furnace. The quenched piece was then reheated 
to 675° C. It was held at that temperature an hour and a half and 
<K)oled slowly in the closed furnace. Tensile and Charpy specimens 
were then machined from the two slabs and tested with the following 
results: 
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Charpy tests on rnaterial from 14'inch el^ating screw. 

ANNEALED SPECIMENS. 



1 

1 

Marks. 


Width. 


Depth. 




Inch. 


Inch. 


SA-1... 


0.397 


0.201 


S A— 2. . . 


.398 


.201 


SA— 3... 


.398 


-.200 


SA— 4... 


.398 


.201 


SA— 5... 


.399 


.200 


SA-«... 


.397 


.201 



Sec- 




tional 


Angle. 


area. 


1 

1 


Sq. in. 


( 


0.0798 


146.75 1 


.0800 


148.6 1 


.0796 


148.0 


.0800 


147.8 


.0798 


145.0 


.0798 


148.5 






Aver- 


Foot- 


age 


pounds 


foot- 


per 


pounds 


square 


per 


Inch. 


square 




inch. 

1 


92.7 


1 

1 


68.1 




76.6 


83.9 


78.8 


1 


117.8 


1 
1 


69.6 


1 



Remarks. 



83.9 : Fine crystalline. 



HEAT-TREATED SPECIMENS. 



S T-1 . . . 


0.399 


0.201 


0.0802 


137.9 


18.2 


227.0 


1 




ST— 2... 


.398 


.201 


.0800 


144.0 


10.55 


132.0 


, 




ST— 3... 


.398 


.201 


.0800 


143.9 


10.65 


133.0 


163.8 Amorphous, fibrous. 




1 ST— 4... 


.398 


.201 


.0800 


138.5 


17.4 


217.5 


' 




! ST— 5... 


.397 


.200 


.0794 


143.7 


10.85 


136.6 






ST— 6... 

1 


.397 


.201 


.0798 


143.7 


10.90 


136.7 







Physical tests of annealed and heat-treated specimens. 



Marks. 


Yield 

point 

(pounds 

per 
square 
inch). 


Tensile 
strength g, 
(pounds ^^^"- 

sq^uare ^i«"- 
inch). 

1 


(Con- 
trac- 
tion 
of 
area. 


Bri- 
nell 

hard- 
ness 

num- 
ber. 


(^harpy 

test 
(foot- 
pounds 

per 
square 
inch). 


• 1 

I 

Treatment. 


SA-1.. 
SA— 2.. 
ST— 1.. 
S T— 2. . 


74,500 
74,000 
80,500 
77,500 


130,000 
128,500 
125,500 
124,000 


P.ct. 
19.0 
19.5 
20.5 
20.5 


P.ct. 
51.9 
51.9 
49.1 
49.1 


255 
255 

248 
248 


' • 1 

} 83.9 1 Annealed. 1 

( t 1 
> 163. 8 (Quenched and drawn. 

r 



Table of averages. 



Treatment. 



Original condition 

Annealed 

Treated 



Yield 


Tensile 


point 


strength 


(pounds 


(pounds 


per 


per 


square 


square 


inch). 


inch). 


101,560 


128,000 


74,250 


129,250 


79,000 


124, 750 



Elonga- 
tion. 



Per cent. 
20.5 
19.25 
20.5 



1 

Contrac- 


Brinell 


tion of 


hardness 


area. 


number. 


Per cent. 





57.2 


262 


51.9 


255 


49.1 


248 



Charpy 
test (foot- 
pounds 

per 
square 
inch). 



19.48 
83.9 
163.8 



DISCTJSSION. 



These results, -although not as satisfactory as might be desired, 
show that both methods of heat treatment tried improved the shock- 
resisting qualities of the metal. 
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INVESTIGATION OF BROKEN SEAR SPRINGS FROM .45 

CALIBER AUTOMATIC PISTOL. 

OBJECT. 

The object of this investigation was to determine the cause of 
breakage in a number of sear springs from caliber .45 automatic 
pistols. It was requested that this laboratory determine whether 
improper stock had oeen used or whether the trouble was due to bad 
treatment, or both. 

CONCLUSIONS. 

The opinion of this laboratory is that these springs were improperly 
heat treated, the quenching temperature being too low for certain 
springs and for all the defective springs the drawing operation after 
quenching was not satisfactory. The tempering had been insuffi- 
cient, thus causing decided brittleness. It was established that the 
brittleness observed could be easily removed by further tempering. 

DESCRIPTION. 

Twenty sear springs were submitted to the laboratory. 

Photograph No. 3257 is descriptive of the nature of the failure, as 
well as showing what fork of the spring broke most frequently. 
Seventeen springs only are shown in this figure, as the fractures on 
the other three were of such a nature that doubt existed whether 
they had broken in service or were broken off subsequently to their 
removal from a pistol. 

From photograph No. 3257 it is to be noted that one spring only 
had the sear fork broken, with the other forks remaining intact. 
Three springs had both the fork actuating the sear and the one oper- 
ating the safety grip broken. The remaining 13 had the fork operat- 
ing the safety grip broken, the other two forks remaining unbroken. 
AU the breaks occurred at the base of the forks. The fact that the 
fork operating the safety grip has the most movement probably 
accounts for tne condition ooserved. This is not essential, however, 
as any good spring should give decidedly more movement than is 
required of any of the forks of the sear spring in the caliber .45 
automatic pistol. 

MICROSCOPIC EXAMINATION. 

Six sear springs were mounted on edge in a low melting point 
alloy, the alloy used melting below the boiling point of water. 

No. 3258. From pistol in service. Spring functioned properly. 

No. 3259. Sear spring submitted from pistol in service. S^^fety 
prong broken off at oase. 

Nos. 3260, 3261, and 3262. Sear springs submitted from pistol in 
service. Safety prong broken off at base in each specimen. 

No. 3263 . Sear spring submitted from pistol in service. Both safety 
and sear prongs broken off at base. 



icrograph 3258. 500 di 



icroiraph 3259. 500 d 
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The foUowing series of micrographs were taken at a magnification 
of 500 X. The samples were all etched for the same length of time in 
a 4 per cent HNO3 in alcohol solution. 

Specimens 2, 3, 4, 5, and 6 (Micros. 3258 to 3263, inclusive) blackened 
at once on immersion in acid, showing the presence of considerable 
troostite. Needles of martensite were present in all of these samples, 
showing best in specimens Nos. 4 and 5. (Micros. 3261 and 3262.) 

It is also to be noted that certain samples, especially No. 3 (Micro. 
3260), have a great number of small ferrite spots. The presence of 
free ferrite in a quenched sample of the dimensions of the sear spring 
is indicative of too low a quenching temperature. If the stock used 
was not uniform in carbon and the same quenching temperature used 
throughout, this condition might easily arise. Specimens 2 to 6, 
inclusive, were clearly troosto-martensitic, whereas specimen No. 1 
(Micro. 3258) was mainly sorbite. The structure of No. 1 (spring in 
service) was not well brought out imtil the etching had been carried 
further than is shown in the micrograph of this sample. The struc- 
ture was troosto-sorbitic. It was evident that this spring had been 
subjected to more tempering after quenching than spimgs found 
defective. 

The inclusions occurring in all these samples are not present in 
sufficient amount to accoimt for the defects observed, although their 
presence is far from being desirable. 

Si)ecimen No. 1, representing a satisfactory sear spring, and two 
specimens from the defective springs were heated to 1,000° C. in a 
vacuum for one hour and then slowly cooled. 

Micrograph No. 3264 shows the normal structure of No. 1 and one of 
the defective springs side by side. The difference in carbon is at least 
0.15 per cent, the carbon content of the defective spring being 
from 0.75 to 0.80, whereas that of the good spring is from 0.60 to 
0.65 per cent. 

Micrograph No. 3265 was taken of two defective springs after being 
heated to 1,000° C. and furnace cooled. One of the specimens shows 
free ferrite, whereas the other is entirely pearlitic. The carbon con- 
tent of these two specimens differs by 0.10 to 0.05 per cent. 

Micrographs Nos. 3266 and 3267 were taken at 500 diameters. 
Micrograph No. 3266 illustrates the structure of the sear spring in 
service after normalizing, and micrograph No. 3267 shows the struc- 
ture of a defective spring after the same heat treatment. There is 
decidedly more free lerrite present in micrograph No. 3266 than in 
No. 3267. This difference in carbon content should not lead to the 
difficulties observed in the defective springs if a proper heat treatment 
was used. The increase of carbon would allow of a lower quenching 
temperature, but would also require slightly more tempering to 

Eroauce the necessary physical properties. It would seem that the 
igher carbon content spring would be more desirable if properly 
heat treated. 

Mi<;rograph No. 3268, at 500 diameters, illustrates the structure 
occurring in one of the defective springs after additional tempering. 
The structure of this spring before tempering was similar to that shown ' 
in micrograph No. 3262. Its present structure is troosto-sorbitic. 
This change was caused by tempering for one minute at 350° C. The 
brittleness was entirely removed, and as far as the laboratory could 
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ascertain, possessed the necessary stiffness to function properly in the 
caliber .45 automatic pistol. 

It will be noted by referring to micrograph No. 3264, that the 
gauge of the two sear springs was decidedly different. The satisfac- 
tory spring submitted to the laboratory was decidedly thinner. The 
f oUowmg measurements were made on several springs : 



Thickness 

at base of 

satisfactory 

spring from 

gun in 

service. 


f 

Thickness 
at base of ' 

several j 
defective i 

springs. , 


Inch. 
0.0245 


Ineh. 
0.0322 1 

.0322 

.0323 ' 

.0329 ' 

.0341 



The stock used in the manufacture of the defective springs was of 
heavier gauge than that of the satisfactory spring taken from a pistol 
in service. The carbon content of the former was also higher than 
that of the latter. Furthermore, the carbon content of the defective 
springs was not imif orm. 

It IS not certain, however, that the stock used in the manufacture 
of the defective sear springs would not, upon proper heat treatment, 
yield a satisfactory result. The prime cause of the brittleness in 
these springs was insufficient tempering. 



Icrogiapli 325*. 50 d 
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graph No. 3081, taken at the junction of the hard and soft area makes 
this diflference clearer. The darker area is characteristic of troostite 
and the lighter of sorbite. 

The metal must be in a strained condition in the region adjacent to 
the dark troostitic area, and provision should be made to have the 
whole of the firing pin cylinder in the same condition. Unless this 
is done the strains can be relieved only in the form of cracks. 

3. FIRING CASE. 

Examination of the polished and fractured lug (Micrograph No. 
3079) shows an overheated coarse grained steel containing excess 
cementite which 'is always hard and brittle, and a source oi danger 
in any metal subjected to shock. Inasmuch as the specifications call 
for a tool steel, this difficulty wiU always occur, and it is respectlully 
suggested that spring steel of carbon content between 0.9 and 1.0 
per cent be used for this purpose. 

CONCLUSIONS. 

RECOMMENDATIONS. 

1. Rotating and stop lugs to be made of vanadium steel. 

2. Firing pins: Abandonment of differential hardening of the sheD 
of the firing pin. 

3. Firing case to be made of spring steel of 0.9 to 1 per cent carbon. 
In addition to the foregoing, it is suggested that the rotating and 

stop lug be redesigned with abandonment of screw insertion in favor 
of a drive fit with large fillet between head and shank, thus obtaining 
larger effective cross section of shank in same space in block and getting 
rid ot planes of weakness due to sharp changes of section of the 
threaded shank. 



1 33B3, Rolaling and stop lugs. Structi 



1 3081. Troostite- sorbite boundary In tlrlng-pl 



h 3079. Structure 



■h 30BZ. Struotura ol 



raph 3076. Rotati 
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EXAMINATION OF METAL OF BSOKEN END HINGE SUPPOSTS 

FOR 4.7-INCH HOWITZER CAISSON. 

OBJECT, 

This investigation was made to determine the probable cause of 
weakness of metal in two end-hinge supports for 4.7-inch howitzer 
caisson^ model of 1916. 

MATERIAL. 

In each case one of the small lugs had been broken off after machin- 
ing and assembling to the frame by some light shock in handling the 
frame or hammering adjoining metal. The first piece was received 
entire, but only the lug of the second piece was su omitted. 

IN VE STIGATIONS. 

The fractures were coarse to medium crystalline, with a dark 
amorphous edge at the original surface of the casting. 

Lug 7582, first received, was polished and etched near the plane 
of fracture, and micrographs Nos. 3054 and 3055 were taken. jBoth 
are characteristic of imannealed cast steel. No. 3054, taken near 
the original surface of the casting, shows the siurface decarburization 
with ferrite threads, perpendicular to the surface. No. 3055 is near 
the center of the lug. 

These indications point to an unannealed casting, and in order to 
verify the indications the specimen was subjected to a. reasonably 
close equivalent of the foundry anneal by heating to 900*^ C, holding 
30 minutes, cooling in furnace partially open, then reheating to 500^ 
C. and cooling in the furnace. Subsequent to this treatment the 
specimen was repolished and micrograph No. 3065 was taken. This 
shows the beginning of refinement, but indicates by the persistence 
of the large ferrite network that the annealing temperature should 
have been higher or the time of soaking longer. 

The second lug arrived at about the time the above investigations 
were concluded. It was polished and etched^ and micrograph No. 
3066 was taken at an interior location. This is practically identical 
with No. 3055. Owing to the practical identity of stock, further 
investigation of this piece was not considered necessary. 

Origmal chemical analysis of heat from which first lug examined 
was cast: 



c. 


Mil. 


Si. 


8. 


P. 


0.38 


0.71 


0.329 


0.030 


0.033 
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Original physical tests of specimens from this hea^vere as follows* 
Air chilled at 950^ C, annealed at SW C. 2 hours: J ^^^ M 



Elastic 


Tsnslle 






limit 


strtngth 






(pounds 


(pounds 


Eloncft- 


dmitmo' 


per 


per 


tlon. 


flon. 


square 


square 






Inch). 


loch). 










Ftr cent. 


Per cent. 


54,n00 


85,000 


10.5 


13.3 



Kejected as cast steel No. 2. 



SECOKD TEST. 



Elastic 


Tensile 






limit 


strength 






(pounds 


(pounds 


Elonga- 


Contrac- 


per 


per 


tion. 


tion. 


square 


square 






inch). 


inch). 










Percent: 


Per cent. 


44,000 


82,000 


21.0 


27.4 



Accepted as cast steel No. 3. 



coKCLirsiONs. 



Nothing in the composition or physical properties of the metal 
when properly heat-treated will explain failures noted. The fore- 
going myestigation indicates conclusively that through some accident 
the castings noted were omitted from the annealing processes to 
which the balance of the heat was subjected. 



Micrograph 3054. Piece 



MICrograDh 3055. PlBce No. 75S2. 50 X. Centra 



No. 7582. 50 X 



ind lug. 5( 
nicaivsd. 
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INVESTIOATIOir OF 4.7-INCH PXTITCHED FSOJECTILE. 

OBJECT. 

The object of tnis examination was to determine the cause of frac- 
ture in a 4.7-inch punched projectile, the point having been broken 
off during the machining operation. It was also requested that 
this laboratory report on the question of burning at the point of this 
projectile. 

CONCIiXTBIONS. 

Evidence is presented in this report showing that the fracture of 
the shell in the machining operation was due to decided segregation 
and that the point of the same shell also shows decided burning. 

DESCRIPTION. 

The piece examined was taken from a 4.7-mch common steel shell. 
The carbon content, judging from the microstructure, was between 
0.75 and 0.80 per cent. Photograph No. 3147 shows one-half of the 
sample submitted to the laboratory. 

EXPERIMENT Ali. 

The fracture which occurred during machining had a very decided 
spongy appearance, which would tend to show that the ingot from 
which the original bar was roUed had not been sufficiently cropped 
to remove the segregation occurring in the vicinity of the pipe. 

Photograph No. 3148 shows one-half of the projectile pomt pol- 
ished and etched with Stead^s reagent to determme segregation. In 
the areas between the black line and the fracture, the copper deposits 
were either extremely thin or did not take place at all, showing 
decided segregation of some element. 

It is to be noticed that several streaks occur about 2 laches back 
from the point of the projectile, at which there was no copper depo- 
sition. Further microscopic exanunation showed that these white 
streaks were composed of slag, in most cases surrounded by ferrite. 

A micrograph, at 50 diameters, was taken on the location marked 
on photograph No. 3148, with the resulting structure shown in micro- 
graph No. 3149. The carbon content at this point is not over 0.60 
per cent, and a great many slag inclusions were apparent. To fur- 
ther demonstrate this point, two micrographs No. 3150 and No. 
3151, were taken at 500 diameters in the same location. These 
micrographs show the presence of free ferrite, in the neighborhood of 
which there is a great deal of slag. The structure of the eutectic, 
and the appearance of this euf ectic when etched with Stead's reagent, 
tend to show.that there is a decided segregation of phosphorus in the 
portions low m carbon. 

After the submission of tnis sample in which segregation was evi- 
dent, another sample was called to the attention of the laboratory, 
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which had been broken off of the point of a 4.7-inch punched pro- 
jectile. This piece was broken open and the structure is shown in 
photoCTaph No. 3154. It is very evident from this ^sample that the 
ingot Irom which the original stock was taken had not been suffi- 
ciently cropped to remove the segregation around the pipe. The 
structure is very open and extremeiy porous. 

BTTBKINa. 

Referring to photograph No. 3148, the region of the shell between 
the line A — ^A and the point of the shell shows a very decided burn- 
ing. The term *' burning*' is used in this report to describe the con- 
dition existing in steel wnen it has been overheated to such a degree 
that the crystals have become separated, leaving the steel in such, a 
condition tnat it can not be restored by any heat treatment. 

Two micrographs were taken in the regions marked 5 and 6, the 
micrographs being niunbered 3153 and 3152. They show the struc- 
tiu*e (H the sample imetched. 

Burning has taken place to a very marked extent, and the photo- 
micrographs are not taken in exaggerated portions, but rather from 
portions which show the average structure of the sample between 
the line A — ^A and the point of the projectile. 

A decided crack caused by burning runs from the nose of the pro- 
jectile back to the line A — ^A. The extent of this bximing is such that 
it would be impossible to even partially remove its effect by any.heat 
treatment which could now be given the metal. 



-1 



Photograph 314S. Full «1i«: 



Microirapfi 3153. 
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DrVESTIGATIOV OF SHEAPISTEL CASES. 

OBJECT. 

The object of this investigation was to determine the cause of the 
failure of two shrapnel cases to pass the required ballistic test. 

MATEBIAL. 

The fragments of shrapnel cases No. 157 and No. 386 were sub- 
mitted to the laboratory. 

CONCLXTSION8. 

The two cases were not uniform, No. 157 being very soft and the 
other, No. 386, being very hard. 

Case No. 157 wotud not have passed the physical requirements, 
and on account of its low physical properties its failure is readily 
accounted for. 

Case No. 386 met the physical requirements in every resi)ect, and the 
only apparent cause of lailure is in its low shock resistance, the 
Charpy test on same being comparable to cast iron. 

EXPERIMENTAL. 

Physical tests were taken from the fragments, the two tensile 
bars being taken from the walls of the case and the two Charpy bars 
from the base. 

157 B was located back of 157 A and 386 A back of 386 B, 157 A 
and 386 B being both forward of the driving band. The results of 
tests are shown below. 



Marks. 


Yield 

point 

(pounds 

per 
square 
inch). 


Tensile 
strength 
(pounds 

per 
square 
inch). 


Elonga- 
tion. 


Contrac- 
tion. 


Charpy test. 


167 A 
157 B 
386 A 
386 B 


65,000 

51,000 

104,000 

109,000 


92,000 

51,000 

147,000 

159,000 


Per cent. 

29.0 

3.0 

20.0 

20.0 


Per cent. 

42.0 

2.0 

40.0 

41.0 


|29.7 foot-ponnds per square inch. 
|26.7 foot-pounds per square inch. 



Specimen 157 A failed both in tensile strength and elastic hmit. 
Specimen 157 B is not to be considered, as the fracture was such as 
to indicate the presence of a crack probably formed at the time of the 
ballistic test. 

Specimen 386 A passed the physical requirements of 4.7 inch 
shrapnel cases. Specimen 386 B has higher elastic limit and tensile 
strength than 386 A, which would be expected as this specimen was 
taken from a thinner portion of the case. 
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The point of particular interest is the Charpy test on both cases, 
which was very low. For comparison, the Charpy tests are given 
on a steel containing 0.71 j>er cent carbon, quenched at 800° and 
drawn at the temperatures indicated below. 



Drawing temperature . 
Charpy test 



•C. 



375 
61 



'C. 



4fi0 
98 



►C. 



560 
133 



»C. 



650 
202 



««' 




—r 






^ r 



The Charpy test on this same material in the annealed state was 32. 

From the above data it would seem that a low Charpy may result 
from either over-drawing or annealing or by insufficient drawing. 

The fragments of the cases were so arranged that Brinell hard- 
ness could be determined from the base to tne mouth. The results 
are shown on the following sketch. 



B-^mtH Ha^-, 



KM 



8m»%, 




tn 



til 



HI 






i4t 

I 



ts*. 



M-f 



944 



aci 
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Carbon and manganese were determined in the two cases with the 
following resell t : 





Carbon. 


Manga- 
nese. 


Case 157 


0.79 
.76 


0.62 
.60 


Case 386 





As the properties required in a 4.7-inch case are not difficult to 
meet it would seem that a lower carbon than the above would be de- 
sirable. It would not be either difficult or impossible to meet the 
physical tests with a 0.60 carbon steel, and woidd even be possible 
with a still lower carbon. Lowering the carbon would increase the 
ductility and shock-resisting power. 



icrojraph 3398. Case N 



Icrograph 3i99. Cas 



Mlcroeraph 3400. Case No. 157, speclm 



Microgrspli 3401. Case No. 3S&. s[ 



INVESTIGATIONS OF MATERIAL. 99 

Three specimens were taken from each shell for microscopic exami- 
nation. The locations of these specimens are shown on Brinell 
hardness sketch and are numbered from the base to the mouth. 

Micrographs Nos. 3398, 3399, and 3400, all at 500 diameters, were 
taken from case No. 157 from the base to mouth. All these micro- 
graphs show spherodized pearUte mixed with sorbite. Micrograph 
No. 3398 of sample No. 1, taken near the base, shows considerable 
sorbite intermingled with granular pearlite. Spherodizing, as gen- 
erally conceived, takes place by tempering a quenched piece very 
close to but not above the critical range. Extremely slow cooling 
through the range may also produce this condition, but if produced 
in the last-named maimer it could hardly be conceived to occur with 
sorbite. For the above reason it would seem that the trouble occur- 
ring in this case was due to overdrawing rather than quenching 
from too low a temperature, although this statement can not be 
made positively. 

Micrograph No. 3399 of specimen 157 — 2 was taken from a portion 
showing a very low Brinell. The cementite is almost completely 
spherodized, although a few dark sorbite areas are visible. 

Micrograph No. 3400 of specimen 157 — 3, taken near the mouth, 
shows considerable sorbite and the granulation of the pearhte has 
not proceeded far. 

Micrograph No. 3401 of specimen 386 — 1, taken near the base, 
reveals a typical quenched and drawn sample in which the tempering 
has not progressed to its final stage. This sample containea con- 
siderable troostite, and upon further etching it was possible to bring 
out some of the characteristic needles of martensite. The structure, 
however, should be described as troosto-sorbitic. 

Micrograph No. 3402 of specimen 386 — 2 was very similar to 
micrograph No. 3401. 

Micrograph No. 3403 of specimen 386 — 3 was apparently almost 
entirely troostitic. 

From the macrostructure it was also apparent that the drawing 
had not been uniform in all the samples of case 386. 
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3ESEABCH TESTS. 



EXPEBIMEHTAL 4.7-IVCH SHEAPVEL CASES. 

INYESTIOATION TO DETERMINE PBOPEB HEAT TREATMENT, 

CASES NOS. 2 AND 44. 



MATEBIAL. 



The material for these cases was 4|-iiich H. R. bar stock, 
analysis was as follows (sample from case No. 44) : 



Its 



c. 


Mn. 


Si. 


S. 


P. 


0.784 


0.73 


0.U1 


0.022 


0.037 



OBJECT. 



Both material and heat treatments were new. The drawing tem- 
perature of 600° was for the purpose of making easier the final ma- 
chine work on the thread done after heat treatment. The object 
of the investigation was to discover what physical properties accom- 
panied the heat treatment chosen. 



PROGRAM. 

1. After finish machining, oil quench in whale oil at 775® C. Draw 
at 600° C. in salt bath one hour; drain and bury in sand to cool 
slowly. 

2. Cases received at laboratory after heat treatment. Sclero- 
scope readings along each case and one ball test on base of each 
taken. 

3. Case No. 2 machined for hydraulic test to wall thickness 0.2- 
inch throughout unsupported length (as tested) 6.8 inches. 

4. Case No. 44 cut up to furnish four tensile specimens and six 
Charpy specimens. 

5. Case No. 2 etched with iodine and examined as to macrostruc- 
ture, thereafter tested to destruction by hydraulic pressure. 

6. Sample from case No. 44 polished, etched and examined for 
structure perpendicular to and parallel to axis of case. 

CONCLUSIONS. 

This material contiedns more than the average amount of slag, 
which is detrimental to the quaUties of the steel. The structure, 
as shown in micrograph No. 3044, is coarser than desirable. The 
experiments indicate that the drawing temperature is a little high 
and the drawing time a little short. 
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Location. 


First treatment. 


Case 
No. 2. 


CMe 

No. 44. 


1 


34 
38 

40+ 
41 
41 
41 
41 
41+ 
41 
41 
41 
41 
41 
341 


. 35 
85 
36 
36 
36 
34 
88 
34 
84 
35 
39 
41 
41 
348 


3 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


1? 'Rrinnell banlmess 







BEPOBT OF TENSILE TESTS. 



The specimens were taken from case No. 44. Two types of tensile 
specimens were tested, the standard heretofore used naving a rec- 
tangular section 0.5 by 0.25 inch and one having a circular section 
0.25 inch diameter. 



Specimen. 



Yield 

point 

(pounds 

per 
square 
inch). 



0.25-inch diameter 
Do 

0.25 to 0.50 inch... 
Do 



58,280 
77,020 
85,680 
78,330 



Tensile 
strength 
(pounds 

per 
square 
inch). 



108,340 
110,320 
117,500 
119,050 



Elonga- 
tion. 



Per cent. 

8.0 

l&O 

12.5 

14.0 



Contrac- 
tion. 



Percent, 
16.3 
36.7 
31.2 
84.4 



Brinel' 
hardness. 



255 
202 
255 
252 



AVERAGES. 



Round. 
Flat... 



67,660 
81,500 


109,300 
118,700 


13.0 
13.3 


- 36.5 
33.8 


230 

354 



Note.— The results trom flat specimen should be used for comparison with past tests as this has been th e 
standard. Minor defects may anect the 0.25 inch diameter speomen and it h not fairly representative. 

BEPOBT OP CHABPY TESTS. 

Six specimens were machined from the wall of the base parallel to 
the axis of the case. 

Charpy test remits. 



Marks on 
specimen. 



44 
44 
44 
44 
44 
44 



Foot- 
pounds 
per square 
inch. 



14.8 
23.1 
14.9 
18.3 
29.1 
24.1 



Average 

foot- 
pounds 
per square 
inch. 



20.7 
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BEPOBT OF HTDBATTIJC TEST. 

Case No. 2 was machined to outside diameter 4.68 inches, inside 
diameter 4.28 inches from lip to dia{)hragm shoulder. It was then 
tested hydraulically to destruction with the apparatus described on 
page 13, Tests of Metals, for the year 1914. Tne imsupported length 
of cylindrical wall was 6.8 inches. 

Marks on case, 2. 

Case etched with iodine. 



Applied loads. 


Hemarks. 


Interior 
Total frossure 

on piston, gq^ 
1 inch). 


Fiber 

stress 

on case. 


1 
187,300 , 9,541 


102,120 


Ultimate strength. 



Photograph of ruptured case appears on next paffe. Etching with 
iodine had shown a few streaks less than J incn long, and none of 
apparent seriousness. The fracture included one of the least con- 
spicuous streaks. 

MICBOGBAPHIG EXAMINATION. 

Two micrographs Nos. 3044 and 3043, respectively, 75 X and 250 X, 
show characteristic portion of an area perpendicular to axis of case, 
taken on end of one of the standard tensile specimens from case No. 
44. Etched nine seconds with 4 per cent nitric acid in amyl alcohol, 
vertical illumination. 

Two other micrographs, Nos. 3056 and 3057, of unetched metal 
50 X are given to show slag features parallel and perpendicular to 
axis of case. 



graph S057. UnetcHsd 
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THE EXAMINATIOir OF RINGS FBOM BOBE OF lO-IlTGH GTTIT 

NO. 21, MODEL 1895 MI. 

OBJECT. 

The object of this investigation was to study the characteristics 
of the eroded surfaces of the rings from the hore of 10-inch gun 
No. 21, model 1895 MI. No attempt has been made to draw any 
conclusions from the data obtained. It is thought, however, that 
the data accumulated in this work will be of value in connection 
with other work on this subject now in progress. 

CONCLUSIONS. 

The experifhents on the hard sm^ace layer bear out the former 
conclusions that this layer is martensitic in character. 

OUTLINE OP INVESTIGATION. 

The rings were all carefully calipered to determine the extent of 
erosion. Elements were cut from each ring and the approximate 
depth, width, location, and extent of cracks were noted and meas- 
ured. Chemical analysis was made to determine the nature of the 
metal of the bore. Specimens for gas extraction tests have been 
taken from the rings. This work can not be carried forward until 
the completion of the apparatus for these determinations. 

Micrographic examination was also made to determine the thick- 
ness of the hard inner surface .layer occurring in the bore of the gun, 
and experiments were made to confirm the previously reported 
theory that this hard surface skin was martensitic in character. 

EXPERIMENTAL. 

The following is a brief history of 10-inch gun No. 21. This gun 
had been fired a total of 190 rounds. The tabulation given shows 
that 24 rounds were fired with brown prismatic powder and 166 
with smokeless powder. For purposes of ready observation, the 
pressures obtained are grouped as follows: 

Rounds. 

• Under 10,000 pounds 13 

10,000 to 20,000 pounds 9 

20,000 to 30,000 pounds 34 

30,000 to 35,000 pounds 57 

35,000 to 40,000 pounds 67 

40,000 to 50,000 pounds 9 

50,000-f 1 

The chemical analysis of a sample taken from one of the rings 
gave the following results: 



0. 


Mn. 


Si. 


S. 


P. 


Ni. 


Percent. 
0.47 


Per cent. 
0.67 


Percent. 
0.115 


PercejU. 
0.031 


Percent. 
0.027 


Percent. 
None. 
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The following table shows the results of the meaaurements on the 
eroded rings. King No. 1 was taken at the origin of rifling, ring 
No. 2 one caliber forward of this point, ring No. 3 one-third the travel 
of the projectile from tlie origin of rifling, ring No. 4 two-thirds the 
travel of the projectile from the origin of riflmg, and ring No. 5 at 
the muzzle. (See photograph No. 3423.) 



Ring 
number. 



1 
2 

3 

4 
5 



Inflide 


Inside 


dhimeter 


diameter 


on lands. 


on grooves. 
IncheM. 


Inches. 


10.1108 


10. 1543 


10.0885 


10.14(>3 


10.00097 


10. 1191 


10.0005 


10. 1196 


10.0082 


10. 1272 



The above results are plotted as a function of the length of gxm (see 
curve 1). The original bore of the gun was calculated at the focation 
of each ring so that the shaded area between the original and eroded 
diameters represents the actual erosion taking place. As only five 
points could be determined for the entire travel of projectile, the 
erosion curves are of necessity only an approximation. 

Concerning the examination of tne trepanned rings for cracks, their 
nature, and extent, the foDowing data was collected. The depth of 
crack varied in the different specimens, being greatest in No. 1 and 
gradually decreasing to No. 6. Sections from each of the five rings 
were poushed on a surface normal to the axis of the bore and each 
crack was carefully measured with the following results: 

Depth of crack m — 

Mean. 

No. 1 (0.032 to 0.176) 0. 063 

No. 2 (0.026 to 0.040) 0343 

No. 3 (0.010 to 0.032 ) 0235 

No. 4 (0.010 to 0.027) 0170 

No. 5 (0.005 to 0.010) 0077 

For the purpose of determining the number of cracks in each ring, 
one land and one groove were taken as a unit. 
Number of cracks per land and groove in — 



No. 1. 
No. 2. 
No. 3. 
No. 4. 
No. 5. 



5 
4 
5 
3 
6 



The depth of crack is plotted as a function of the travel of the 

{projectile in curve 3. It is very evident that the depth decreases 
rom the origin of rifling to the muzzle. 

The hard surface skm was measured on the sections used to deter- 
mine the nature and extent of the cracks. The results are tabulated 
below : 



80815—17- 



-8 



Ring 
number. 


Land. 


Groove. 


1 
2 
3 
4 
5 


Inches. 
0.004 
.002 
.000 
.000 
.000 


Inches. 

0.0023 
.0017 
.000 
.000 
.000 
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These results are plotted on curve 2. 

Micrographs Nos. 3424 to 3428, inclusive, at 50 diameters, were 
taken from specimens cut from rings Nos. 1 to 5, after etching with 
dilute nitric acid. The detailed description of each specimen accom- 
panies the micrograph, but in general the following remarks will 
apply. The hard layer or skin which is shown in micrographs Nos. 
3424 and 3425 was thicker in ring No. 1 at the origin of rifling than it 
was one caliber forward from this point in ring No. 2. Furthermore, 
no hard layer was visible in rings 3, 4, or 5. This hard layer, which 
appears white in the micrographs, could not be sufficiently magnified 
to reveal any trace of martensite. 

Previous experiments on the subject had shown that this white 
layer upon tempering will darken readily when etched with HNOg, 
and in this manner resembling troostite. The reasoning was that 
although the hard surface layer could not hj any direct examination 
be classified as martensitic, if upon tempermg troostite was formed, 
this previously hard layer must nave been martensitic. 

To further confirm tne above, specimens from each of the five rings 
were tempered at 300° C. for 30 minutes. 

Rings Nos. 3, 4, and 5, having no previously hard surface skin, were 
not altered by this treatment, but rings Nos. 1 and 2 now had a sur- 
face layer which was decidedly darkened bv etching with HNO3. This 
is well shown in ring No. 1 by micrograpns Nos. 3429 and 3430, both 
taken at 500X. 

Micrograph No. 3429 shows the appearance of a section before 
tempering. Although no characteristic martensitic structure is 
evident there is a characteristic troostite layer between the martensite 
and sorbite. 

Micrograph No. 3430, showing the structure after tempering, is 
characteristic of troostite such as would be obtained by tempering an 
ordinary hardened metal. 



Icroerapn M26. 50 X 



Microeraph MJ9, 600 X, Taken rear cr«ck ihown in micrograph No. MZ*. 
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GHASPT BESTJLTS AS BELATED TO CABBOE COETEET OF 

STEEL. 

The results herein recorded are a continuation of a previous report 
on the '^Efifect of Carbon on the Physical Properties of Steel.'* Tnese 
tests do not include the Charpy results of the steels which were not 
machinable. It seems evident that the foot-pounds absorbed per 
square inch in the Charpy machine would not be reUable when the 
specimens were so hard tnat it would be necessary to grind them to 
snape for testing. 

METHOD. 

The bars tested were of the foUowing dimensions: 

Length ==55 mm. =2.167 inches ±0.01 inch. 

Width = 10 mm. =0.394 inch ±0.002. 

Thickness = 10 mm. =0.394 inch ±0.002 inch. 

Slot across center of bar (4Q.005). 

Depth = 5 mm. =0.197 inch ±0.002 inch. 

Width = 1 nmi. =0.039 inch ±0.001 inch. 

Cutting edge of cutter about § mm. =0.025 inch radius. 

In the Charpy machine employed the pendulum strikes with a 
force of 30 kilogrammeters when the pendulum is released from its 
maximum height, which is employed in all tests. 

CONCLTJSIONS. 

No attempt has been made to draw any conclusions in regard to 
the effect oi carbon on the Charpy quaUties. The curves presented 
show Baany interesting characteristics and have the same general 
form for all of the heat treatments. A discussion of these curves 
will be incorporated in a general report on Charpy tests. 

Charpy resulU— Effect of carbon. 



Per 

cent 

carbon. 


Condition. 


Original. 


VI. 1 


V2.- 

• 


V3. 


V4. 


V6. 


V6. 


V7. 


0.14 

.18 

.32 

.46 

.49 

.67 

.71 

.83 

1.01 

1.22 

1.39 

1.46 


685 

636 

296 

138 

164 

108 

67 

17 

27 

18 

12 

10 


361 
396 
196 . 
103 1. 
133 ,. 
102 1. 

32 . 

18 . 

19 ;. 

17 . 
11 '. 

16 j. 


491 
460 
141 


608 
596 
243 
181 
207 
162 


618 

580 

248 

180 

187 

140 

61 

57 

42 

32 

24 

25 


638 

576 

256 

179 

186 

144 

98 

43 

41 

27 

17 

26 


623 

604 

288 

202 

226 

156 

133 

56 

54 

34 

19 

26 


678 

651 

339 

214 

248 

181 

202 

82 

57 

34 

21 

25 
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Heat tfmUment teoord. 



OiiginaL 



VI. 
V2. 
V3. 
V4. 
V5. 
V«. 
V7. 



As noeiTed, probably hot roDed. 



Annealed just above Ac 3. 

Hardened In water ttom jnit above AeS. 

Hardened in oil from just above Ac3. 

Quenched in oil from just above AcS. and drawn at 378* 0. 

Quenched in oil fran lust above Ac3, and drawn at 400* C. 

Quenched in oil from Just above AcS, and drawn at 560* C. 

Quenched in oU from just above Ac3, and drawn at 650* C. 



Note.— All pieces held at quenching heat 20 minutes and drawing heat 80 minutes. 

Quenching tempenUvres, 





•c. 


0.14 


806 


.18 


858 


.33 


836 


.46 


819 


.40 


• 816 


.57 


800 


.71 


800 


.83 


795 


1.01 


790 


1.22 


790 


1.39 


790 


1.46 


790 
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MICBOEXAKIVATIOir OF GUV FOTJLINGS. 

OBJECT. 

The object of the herem reported examiaation was to determine 
how gun foulmgs from large caliber guns are built up. 

CONCLUSIONS. 

Evidence is presented herein to show that the above-mentioned 
gun f oulings are built up of successive layers of copper torn from the 
rotating bands of the projectiles. 

DESCRIPTION. 

There were received from the Ordnance Board samples of gun 
foulings taken from the bore of 14-inch gun, model 1910, No. 10. 
This gun had been fired 22 rounds at approximately service velocity. 
The foulings appeared to consist chiefly of flakes of copper, which 
were blackened on the convex side — that is, on the side which was in 
contact with the wall of the gun. 

Chemical analysis of similar foulings previously received gave the 
following results : 



Copper. 
Nickel.. 

Iron 

Sulphur 
Carbon. 
Silica . . . 



1 On 


On 


On 


20-mesh 


40-mesh 


60-mesh 


' sie . e. 


sie e. 


sie . e. 


Percent. 


Per cent. 


Percent. 


93.10 


92.55 


92.64 


2.39 


2.50 


2.29 


2.04 


2.03 


2.34 


1.27 


1.21 


1.07 


.73 


.62 


.52 


.44 


.95 


1.09 



Certain of the flakes of fouling were moxmted on end in shellac 
and poUshed in such a manner that transverse sections of the flakes 
could be examined microscopically. This examination revealed the 
fact that unquestionably the flakes are built up of successive layers. 
Three micrographs were taken illustrating this structure and are 
attached hereto. Micrograph No. 3001 shows transverse sections 
of 10 or 12 flakes magnified approximately 12 diameters. Micro- 

fraphs Nos. 3002 and 3003 are taken at a magnification of 100 
iameters, and show two of the flakes shown in micrograph No. 3001. 
The laminated structure of the flakes is evident in all the pictures. 



Vlicrograpti 3003. 100 X 
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IVTESTIQATIVX BBPOBT OV "EFFECT OF COLD BEVDIVO OV 
BOILEB PLATE." 



These experiments were undertaken with ft view to determine the 
effect of the cold work of bending on t)io ten»ilo properties of mild 
steel. 

IHTBODITCTOBT. 

The general behef that the operation of flanging "weakens the 
metal" is to be reconcJed with results of experiments which show 
that prior overstrain under certain conditions strengthens the metal; 
certainly tensile overstrain increases tensile strength shown by sub- 
sequent tests of the prcstrained metal. 

PBoaBAH. 

Three bars of boiler plate 0.375 by 2 by 18 inches were cut from 
stock picked from the plate scrap and apparently from the same 
origLnal plate. The bars were then heated to a forging heat at the 




Mf A. LAaaRATORY. 

naia rent oo/le^ plak. 
ft. o tmsa y&o/j M-t-M. 

center and carefully bent to the angle shown in figure 1, tlieii heated 
to a uniform heat all over and allowed to cool very slowly. The 
width at the bend was then decreased to 1.5 inches by millijig about 
0.25 inch deep from each side with a 0.75-inch side mill, this to locate 
subsequent cold bending by weakening the section at the desired 
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location. The bars were then straightened cold in a vise and flat- 
tened by two or thrpe hght blows of a steam hammer. 

The changes of fiber length in this cold bending are roughly indi- 
cated by comparison of figure 1 and figure 2, figure 2 showing the 



resultant shapes a — a and h — h of the straight lines correspondingly 
lettered m figure 1. 

Each bar was then machined at its center to approximate dimen- 
sions shown in figure 3, recorded exactly in Table A, and pulled to 
destruction. The results are recorded in Table B, "Tests of cold 
bent sections." The first bar, through error, was pulled for "drop 
of beam" detormuiation oijy. The characteristic curves of bars 2 
and 3 are included in this report. 
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The breaking of the three original bars gave us six specimens, 
lettered a and p for each original bar, and these were machined at 
the center as indicated in figure 3, actual dimensions recorded in 
Table D and tested, determinmg yield point by drop of beam, giving 
results as recorded in Table E. 

The comparison of tensile strengths of worked and unworked 
sections is found in Table C. 

CONCLXTSIOKS. 

Referring to table of comparisons (Table C), we find the cold worked 
sections to have a tensile strength from 9.6 to 16.8 per cent greater 
than that of the unworked section from the same bar, the average 
of the increases being 13.1 per cent. 

It is, therefore, to be concluded that any tensile weakness due to 
cold bending is to be ascribed to reduction of area and not to weaken- 
ing of the metal, as the operation actually increases the tensile strength 
of the metal per unit oi area. 

Table A. — Measurements of test area. 



Bar No. 



1... 
2... 
3. • • 



Width. 


Thick- 
ness. 


Area. 


Inch. 

0.998 
.979 
. 994 


Inch. 

0.314 
.314 
.313 


So. in. 

0.313 

.307 

.311 



Table B.—Tests. 







Approximate yield 
point. 


Tensile strength. 


Fracture. 


Bar. ' Area. 

1 

1 
1 


Total 
pounds. 


Pounds 

per 

square 

inch. 


Total 
pounds. 


Pounds 

per 

square 

inch. 


1 


Sq. in. 
0.313 


16,800 

0) 
0) 


53,610 
56,500 
51,000 


19,700 
21,100 
18,900 


62,980 
68,750 
60,710 


Silky. 
Do. 
Do. 


2 


.307 
.311 


3 









1 See curves attached. 



Table 0. — Comparison of tensile strengths. 



Marks. 



1 

2 / 

3 



Un- 
worked 
sections 
(pounds 

per 
square 
inch). 



53,930 

60,850 
55,390 



Worked 
sections 
(pounds 

per 
square 
inch). 



62,980 
68,750 
60,710 



Pounds 


Per cent 


increase 


increase 


tensile 


tensile 


strength. 


strength. 


9,050 


116.8 


7,900 


113.0 


5,320 


19.6 



1 Averaged increased tensile strength, 13.1. 
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Phfa No. I. 
(At«>-0.W6t«qiiare tad).! 



AppUodtotdi. 1 


tt. 


ToUl 


PoozHi. a 


po^U. 


■^nr 






/«*. 1 




lasTo 


001 




80 


«30 








«a 


oos 






5«0 


OM 




K 


ISO 








am 








S70 


B07 




s: 


J50 ; 


OOS 






WO 1 


DOS 




i 


280 1 

eto 1 
260 ! 


Oil 
012 




61 


sio : 


OIS 






5«0 


oie 




« 




017 














540 


oig 


wiaoo 


8! 


wo 


oil 


19,700 


















Ol 






20,000 


a; 


170 


02S 


20,100 




500 




20.200 




820 






af 






20;400 


68 


4W) 


04* 



PiaU No. t. 

[Ar«B-O.Jl 13 square In 



Applied kwdii. 1 


J 


Total 


Ponnd, I S. 


pound!!. 


■"[^"i 






1 Im 




8300 


loeoo 1 






800 




060 






000 








5 




41 


790 


oot 




100 




720 




; 


300 


a 


300 


007 




goo 


s 


970 


008 
























300 




3S0 






300 






014 


; 






S»0 






600 










000 










TOO 






020 


; 


s 


s; 


500 














1 


100 




140 


029 




200 


51 


400 


032 


* 


300 






038 
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Tabli D.^lHnufm&tu€/uMoorhid$S€Hon9. 



Bar. 

1 fL. . . . 
lb.... 

2 a. 

2b.... 

8a 

8b.... 


Width. 

Inches. 
1.006 
1.002 
1.004 
LOOS 
L007 
LOU 


Thick- 
ness. 

Inch. 

a 818 
.315 
.314 
.818 
.315 
.815 


Area. 

8q. In. 
0.8166 

.8156 , 
.3153 

.3175 ; 

.3172 ■ 
.3185 



Table fi. — TetU of unworked ueUoiu. 



Bar. 


Sectlooal 
area. 


Approximate yield point. 


Tensile strength. 




Total, 
pounds. 


■ax S" 


Pounds 
Total ' per 
pounds. ; square 
inch. 


Average 
pounds 

per 

square 

inoh. 


Fraeture. 


la 

lb 

2a 

2b 

8a 

8b 


aq, in, 
0.3166 
.8156 
.8153 
.8176 
.3172 
.3185 


9,800 
10,100 

9,500 
10,100 

9,600 

9,800 


30,950 81,480 

32,010 

30,130 30,970 
31,810 


16.700 52,730 
17,400 1 55,180 
19,800 62,800 
18,700 58,900 
18,100 57,060 
17,100 53,600 


53,080 

•"eoifeo- 


Silky. 
Do. 
Do. 
Do. 
Da 
Do. 


30,270 30,520 
30 770 


55,390 









BEgEABOH TEBTB. 



PM« No. t. 

I AnaalLSDM tqiura btch.] 



an>imio«i^. I 


, 


ToUl 


Poand, a 


pound.. 


^55sr 






.«.. 1 




18S70 


001 




DO 


630 






«> 


400 


«B 




it 


HO 


00( 




K 


7S0 








390 1 








370 ; 


007 




St 


li 


008 




a 




010 




« 




on 






ew j 


013 














mS 1 








mo ' 


OlS 


Kl'.W) 


ffi 


MO 


010 






ato 
















540 


01» 


wieoo 




MO 


m 


19,700 
























30.000 




170 




30.100 






OM 


W.200 






033 










»;*» 




IBO 


041 



ptau m. s. 

[Area— 0.3111 square inch,] 



Applied loads. 




ToM 


Pound. 1 ^ 


pOODdl. 


peM.oua« 


A, 




1 Im 


3300 


10 mo 1 




7 
























4t 


780 


001 




100 




730 








Si 


300 




















»70 


008 




BOO 


u 


3M 


000 


















360 












014 




400 


K 


seo 




























M 


860 


oao 






S7 


180 








5; 






















140 


03B 






« 


400 


033 




300 


u 


VW j 
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no 



Tabu D.-^DimintU^ni €/ tmioarhmi $€Hion9, 



Bar. 


Width. 


Thick- 
ness. 


Area. 

1 


JVb. 


Inehe*. 


tnek. 


Bq.in. ' 


\t::: 


1.006 


a 315 


0.8166 


1.002 


.315 


.3156 ; 


2a..... 


1.004 


.314 


.3153 


2b.... 


LOOS 


.815 


.3175 , 


8a 


1.007 


.315 


.3172 


8b.... 


1.011 


.815 


.3185 



TabiiB £. — TuU of unworked seeUcmB. 



Bar. 


Sectiona] 
area. 


Approximate yiel 


d point. 


Tensile strength. 










Total, 
pounds. 


Pounds 
per 

square 

tDCb« 


Average 
pounds 

per 

square 

inch. 


1 1 

Pounds ^.tSX* 
Total per P0«»08 
pounds. 1 square I^ 

■ 


Fraeture. 


la 

lb 

aa 

2b 

8a 

8b 


8q, in, 
a 3166 
.8156 
.8153 
.8176 
.3172 
.3185 


9,800 
10,100 

9,500 
10,100 

9,600 

9,800 


30,950 
32,010 
30,130 
31,810 


31,480 


16.700 52,730 
17,400 1 55,130 
19,800 62,800 
18,700 ' 58,900 
18,100 57,000 
17,100 53,690 


53,930 

"eojsfio" 

• 


Silky. 
Do. 
Da 
Do. 
Do. 
Do. 


30,270 
30,770 


30,520 


55,390 
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DECAKBUBIZATIOV OF STSSL CASTIS6S. 



The object of this mvestjgation was to determme the extent of 
decarhurizatiori occurrhig hi steel castings under different cooling 
coi.ditioLS ai.d after various heat treatmoita. 

0OHCUISIDH8. 

Enrleiice is submitted iii this report showing that the extent and 
nature of the decarburized envelope, as well as the structure of the 
body of the casting, is essential m detennining the previous heat 
treatmeiit history of a castmg. 

DB8CBIPTIOH OF MATEBIAX AND METHOD. 

The type of casting used for this experiment is shown in photograph 
No. 3246. They were cast at Watertown Arsenal from the same 
heat of steel. 

Three casti'jigs known hereafter as Nos. 1, 2, and 3 were used. 
Xo. 1 was removed and shaken free from sand 20 seconds after 
pouring. No. 2 was removed ana shaken free from sand 2 minutes 
and 30 seconds after pouring. No. 3 was coolea in the mold. The 
anneahiig operations, unless otherwise stated, were carried out in a 
laboratory furnace. 

Great care was exercised in the preparation of aU samples to avoid 
the beveling of the edges so that me decarburized surface would not 
be disturbed. 



Specimens were polished and photographed from the three castings 
Nos. 1, 2, and 3 before being subjected to any heat treatment. 
These are arranged in order on the following page, micrographs Nos. 
3247, 3249, and 3251 showing the surface of castings Nos. 1, 2, and 3, 
respectively, and micrographs Nos. 3248, 3250, and 3252 the struc- 
ture of the body of the castings. 

The interior and exterior structure of castings Nos. 1 and 2 are 
very much ahke. The interior of both is sorbit'c, whereas the edge 
18 composed of a triangular layer of ferrite and sorbite. 

Castmg No. 3 shows a shgnt decarburization at the edge, whereas 
the interior has considerably more free ferrite than eitner casting 
Nos. 1 or 2. 

It is to be emphasized at this point that micrograph No. 3252 is 
typical of a small section casting cooled in the sand, and is eoturely 
dinerent in appearance from micrographs Nos. 3248 or 3250. Slower 
cooling through the range has in reality refined the structure. The 
idea that the slower the cooling the coarser the structure is not cor- 
rect, if the rate of cooling is such as to affect the condition of the 
carbon. 



TBph 3347. Eage.) 



3 shaken fi 



icrograph 3249. (Edge.) 



h 1250. (Interior,) 

■6 from sand 2 minutes ai 



30 secords after ( 



Micrograph 3Z5t. (Edga.) 
Cooled <n maid. 



Mleroiraph 1252. (Inlorlor.) 
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As an illustration y the castings in question sorvo exceedingly well. 
An air quench from a high temperature produces a pearlito-sorbitic 
structure with little excess ferrite and consequently a coarse stric- 
ture. Slower cooling which will allow more pearlite to form will 
increase the amount of ferrite rejected, the rejected ferrite breaking up 
the coarse structure to an appreciable degree. 

The loAV carbon band noted in castings Nos. 1, 2, and 3 (micro- 
graphs Nos. 3247, 3249, and 3251) is not necessarily due entirely to 
decarburization, but may have its origin in the rejection of fernte 
to the edge of the piece on cooling from the molten condition. In 
other words, increased ferrite at the edges of the casting may be due 
to rejection of ferrite as well as the removal of carbon by oxidation. 

A small piece of casting No. 3 (cooled in sand) was taken for 
laboratory annealing, and the main body of the casting sent to the 
foundry for a long anneal at low temperature. 

The section from No. 3 was heated for two hours at 900° C. in the 
laboratory furnace and furnace cooled. The remainder of the casting 
was aiiuealed 48 hours at 750° in the foundry furnace, or in other 
words, was subjected to a long low aimeal. The resulting micro- 
structures are shown in micrographs Nos. 3255, 3256, 3253, and 3254. 

Micrographs Nos. 3255 and 3256, of the outside and inner portions 
of section annealed at 900° for two hours, show an excellent struc- 
ture. This piece was covered heavily with scale, but it is to be noted 
that there is very little decarburization. (Micrograph No. 3255.) 

Micrographs Nos. 3253 and 3254, of the piece annealed 48 hours at 
750^ C. show an inferior structure. The structure of micrograph No. 
3254 is indicative of too low an annealing temperature. This struc- 
ture together with a broad decarburized bana, as shown in micro- 
graph No. 3253, is always strong evidence of a long anneal at a low 
temperature. The scale on this section was very light. 

Tne next experiment consisted in heating a section from casting 
No. 2 (micrograph No. 3250) and a section of casting No. 3 (micro- 

fraph No. 3254, after the low foundry anneal) to 1,100° C. for one 
our, followed by furnace cooUng. Micrographs Nos. 3344 and 3345 
illustrate the structure of casting No. 3 after this treatment. It is to 
be noticed that the pearUte areas extend clear to the edge of the 
specimen, the carbon content gradually increasing toward the body 
of the specimen. This specimen, as well as all others which were 
heated to 1,100° C, were very heavily scaled. Micrographs Nos. 
3346 and 3347 show tlie same general phenomena as micrographs 
Nos. 3344 and 3345. The structure is not as well broken up but the 
original structure was much coarser, and consequently more difl5.cult 
to refine. 

The next expenment was to heat two sections of casting No. 2 
(micrograph No. 3250) and two sections of casting No. 3 alter the 
foundry anneal (micrograph No. 3254) to 1,100° C. in the laboratory 
furnace. When the furnace reached 1,100° C, one section each of 
castings Nos. 2 and 3 was removed and air cooled. The other 
two specimens were heated at 1,100° C. for one hour and then air 
chillea. The resulting microstructures are shown in micrographs 
Nos. 3348 to 3355, inclusive. 

One very evident observation is that holding the piece at 1,100° C. 
for one hoiir has coarsened the resulting microstructure. Compare 
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micrographs Nos. 3353 and 3355, held for one hour, with m'cro- 
graphs Nos. 3349 and 3351, which were not held at 1,100° C. 

It is also to be noted that the decarburized edge on micrographs 
Nos. 3350 and 3354 is deeper than on micrograpns Nos. 3348 and 
3352. This would follow from the structure of the original samples 
at the edge. (See micrograph No. 3249 of casting No. 2 and micro- 
graph No. 3253 of casting No. 3.) 

In all the high temperature anneals it is to be remembered that 
a heavy scale was always present and that the carbon in the decar- 
burized edge extended to the surface. In other words, no com- 
pletely decarburized band existed excepting in the case of the long 
anneal at low temperature. 

A comparison of micrographs Nos. 3349 and 3353 shows also that 
a prolonged aimeal will coarsen a previously fine structure. Bear- 
ing these facts in mind, it is not always a safe conclusion that a 
coarse structure (ingotism) indicates that the casting has not been 
annealed. 

The decarburized edge existing in anv casting as it comes from 
the mold is characteristic of the decarl>urization occurring at the 
surface of a specimen at high temperatures. Furthermore, the 
interior of an unannealed casting may partake of the nature of an 
over-annealed casting, especially if the casting has been air cooled 
from the annealing temperature. 

Sufficient evidence has been submitted in this report to warrant 
the following general statements. In examining any defective 
casting to ascertain its annealing treatment or lack of same, the 
following points should be considered: 

1. Nature of .^irfa^^e, — If surface is heavily scaled it is evident 
that the casting has been annealed after casting, as the scale on a 
casting cast in sand, even if pulled from sand at a high temperature, 
is very slight. If the surface has been cleaned and it can not be 
ascertained by any other source what the surface of the casting 
was like before cleaning, one valuable point of evidence is lost. 

2. Nature of tlie skin of casting. — Microexamination of the casting 
will reveal the existence of a decarburized band, the nature and extent 
of which will assist in determining whether or not the casting 
has been annealed, and if annealed, the nature of the annealing 
treatment. A low anneal will produce the broad characteristic 
completely decarburized skin never presenj in a casting as cast. 
A high anneal will produce the sort of a decarburized edge dis- 
cussed in the above report in connection with the 1100°- anneal. 
Any extended decarburized band is clear evidence that the casting 
has been in a furnace subsequent to its being cast. 

3. Nature of interior structure, — A knowledge of the chemical 
composition together with a knowledge of the size and method of 
casting will assist in determining the hist<5ry of the casting. The 
relations of treatment to structure are too well known to be further 
discussed in this connection. It is to be borne in mind that |J1 
coarse structures do not have their origin in the mold, and without 
some of the data presented under headings 1 and 2 it would not be 
possible to determine in everv case the error in manufacture. Witii 
this data properly collected the decision can be final. 



Heated to 750" 



icrograpfi 3255. {Edge.; 



igiapn 3344. (Edge.) 



icrograph 334^. (Edge.) 



Micrograph 3347, (IntBDor.) 
Casting No. 2 heated to 1,100" tor 1 hour, followed 



MIcroEraph 33*9. (Interloi 
itsd to I.IOO" irr laboratory (i 



1.1 

'-! 
1.1 






raph J3S4. <Edge.) 
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B&IHEIL HAXDN£SS PEBPfeHDIGUIAK TO AVD IK THfi 

DISECTIOir OF FOBOIHG OR BOLLIITG. 

Six samples of steel were utilized for this test. 

1 . 1 |-inch, hexagonal, cold rolled. 

2. i-inch, square, cold rolled. 

3. If by 1 A inches, machinery. 

4. 2J-inch, square, forged steel *'C.'' 

5. 1-inch square, machinery. 

6. 2 by 2i mches, machinery. 

All these were ground to smooth perpendicular ends with one or 
more sides Itdjacent to the ends also ground to a finish suitable for 
making Brinell tests. 

The point of application of the Brinell test and the results ob- 
tained are indicated in the following sketches. 

OOVCLTTSIONB. 

As far as these results may be considered to be conclusive, it ap- 
pears that there is no dependable relation between the Brinell hard- 
ness on the sides and ends of cold or not rolled stock. 

Specimens Nos. 2, 3, and 4 sho#ed practically no difference. 

Specimen No. 5 gare end reading Brinell No, 128 against side 
reaaing BrineU No. 113.5. 

Specimen No. % gave end readings averaging 116.6 against a side 
reading on the 2-inch side of 111.6, and on the 2i-ineh side of 115.4. 

It will be noted that in specimen No. 6 the end reading is greater 
than either side reading, but there is a greater difference between 
the readings on the two sides examined than between the end read- 
ings and the reading on the 2J-inch side. 

In specimen No. 5 there appears a large difference in favor of the 
end reading. 

Specimen No. 1 gave some interesting results which are worthy of 
note. The end reading averages 169 as against the average of the 
side readings, which is 180, this beine a difference in the opposite 
direction to that noted in specimens Nos. 5 and 6. This makes it 
impossible to use these three specimens together to illustrate any 
rule in respfect to the relation between end and side hardness. It 
is interesting to note, moreover, that the hardest part of the end of 
this bar is the exact center, which had a reading of 187, which is 
greater than four out of the six averages for the different sides. 

The observations on the end were taken in positions adjacent to 
four of the sides, and it is to be not^d that they vary roughly with 
the observations taken on the adjacent sides. The observations 
taken on opposite sides agree roughly, but the hardness on the three 
pairs of opposite sides varies from 172 to 189, a difference greater 
than the dmerence between the averages of end and side observations 

80815—17 ^9 
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BB8EABCH TESTS. 



SFBCIMBN NO. 1, If-INOH HEXAGONAL, COU> BOLLBD STEEL. 

Brindl hardness. 





End. 




Sidel. 


Side 2. 


Side 3. 


Side 4. 


Side 5. 


Side 6. 


r 


187.0 
156.0 
ITO.O 
170.0 
163.0 













1 


Average... 


1 










2... 
5... 
6... 


1... 168.0 
2... 179.0 
3... 170.0 


*i!'.!"i83.'6" 

2... 196.0 


1... 170.0 
2... 179.0 
3... 179.0 


1... 177.0 
2... 168.0 
3... 170.0 


1... 192.0 
2... 186.0 
3... 187.0 


1.. 179.0 ' 
2.. 186.0 
3.. 186.0 




169.2 


172.3 


189.5 


176.0 


172.5 


188.3 


183.7 1 



SPECIMEN NO. 2, J-INCH SQXTAKE, COLD BOLLED. 

Brinell hardness. 



One reading on end . . 
Two readings on side. 



Brineil. 

.. 169 
.. 169 



SPECIMEN NO. 3, If BY 1^ INCHES, MACHINEBT STEEL. 

BrhieU hardnrxx. 



Sid* 2 



Side 1 




Ha&n &Bd -— 169«2 
8ide«>«»rl80.4 



••.••aide 6. 



81d#^ lOA^"— 




® 

<3> 9 



— — 6i4e 4< 



Slda 5. 




-844». l^^f 
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SPXOnCBN KO. 4, di ZN0HB8 8QTJABE, FORGED STBBL «<C." 

Brineli hardness. 





. ' 


<S) 




® ® ® 


® 



'Snd 



® ® 

® © ® 


A 


* 



-Side 



Brineli values. 





End. 


Side. , 


1.. 

2.. 
3.. 
4.. 
5.. 


224 

228 

223 

223 

227 


' 1 

1..." 3 
2... 292 

4.a. 203 
6a.. 228 


Average.. 225 


228 
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Bfi^lARCH TBftTS. 



KO. 5, 1 HKSBC SatTABS, 

Brinell hmdmem. 




—124 



112«* 



O 




O 



—114 



: 7lii» •dA Mi Iqr 




114 



Mtftb %nd.««.128 
Kwn •14«.«,11>; 



Othttr «ad. 



•p40laitn« out off by powor shoar. 




. —118 







.-125 
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SPBOnOBN NO. 6, 3 BY 2^ IN0KB8, MACKINBBY 8TBBL. 

BrimU hardness. 



Aid*, 2" — 



® 


Q> 




O 


® 


d 




Xnd. 




Side, 2-l/Z< 



Brinell values. 



End. 


Side, 2 
inches. 


Side, 2i 
inches. 

1.. 116.0 
2.. 114.0 
3.. 117.0 
4.. 117.0 
5.. 114.0 


1 118.0 

2 116.0 

3 116.0 

4 116.0 


1.. 112.0 
2.. 112.0 
3.. 109.0 
4.. 112.0 
5.. 114.0 


Average.. 116.5 


111.6 


115.4 



Mean end, 116.5. 
Mean side, 113.5. 
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PRIVATE TESTS. 

Tests made for private parties during the fiscal year ended June 30, 1916. 



Date. 



Material. 



1915. 
July 19 
22 
23 
26 
28 
28 
30 
2 



Aug. 



2 
2 
2 
2 



9 
11 
11 
11 
11 
14 
16 
16 
18 
23 
Zl 

31 
M 
Sept. 10 
15 
15 
16 
16 

16 
17 
1« 
22 
24 
25 
27 

1 
4 

5 

6 

13 

18 

19 

25 

26 

10 

11 

20 

22 

24 

29 

2 

4 

15 
20 
22 



Oct. 



Nov 



Dec 



1916. 
Jan. 



13 
15 
21 
27 
27 
29 
31 



Rope 

Cimcrete cylinders 

Building bricks 

Steel 

do 

Concrete building blocks. 

Brackets on column 

(^oncrete building block.. 

do 

Steel 

Chain 

Bolts and ten.sile bars 



4 I Concrete building block. 



Cast iron 

Concrete building block. 

do 

do 

Hollow tiles 

Concrete building block. 

Steel 

Steel columns 

Manila rope 

Steel 

Column 



Concrete building blocks. 

Cast iron 

do 

Concrete building blocks. 

do 

do 

do 



Interlocking t iles 

Hollow bricks 

Tile 

Chain 

Shelf supports 

Steel 

I inks, swivels, hooks, turn- 
buckles, and shackles. 

Chain 

Oment building block 

Brackets on column 

Concrete building block 

Shelf supports 

Building bricks 

Concrete building block 

Building brick 

Building blocks 

Cast iron and steel 

Textile 

Steel. 

Rope. 

Iron, 

Concrete cylinders. 

Building bricks. 

Steel. 

Shackles and swivels . . . 

Concrete building block. 

Concrete cylinders 



Granite cubes 

Concrete building block. 

Steel 

Chain 

Iron 

Chain 

Manila rope 



Name. 



Cfity and State. 



Howard R. Guild 

Boston Transit Commission . . . 

James L. Trainer 

Crucible Steel Co. of America.. 
Philadelphia Steel & Forge Co. 

Frank Wagner 

United States Column Co 

J. W. Gates 

Hagop H. Ekizian 

Crucible Steel Co. of America.. 

The Bridgeport ( hain Co 

The Hartford Steam Boiler 

Inspection & Insurance Co. 
Standard Concrete Products 

Co. 

T)a\is & Farnum Mfg. Co 

Ignaz Oechsner 

Active Concrete Stone Co 

Branch & Fisher 

Athens Fire Brick Co 

A. Kuzma 

Sauveur & BoyL*«ton 

Ford Steel Column Co 

Harold L. Bond 

Jones & Laugblio Steel Co 

Atlas Steel Column Mfg. Co., 

Inc. 

Winchester Concrete Co 

Charles W. Lavers 

Broadway Iron Foundry Co. . . 

Olsen Bros 

Peter M. Cramer 

Frank Wagner 

Standard Concrete Products 

Co. 

Acme Shale Brick Co 

Pennsylvania Fireprooflng Co. 

Allen & Daggett 

The Bridgeport Chain Co 

The Snead & Co. Iron Works. . 

Gulick-Henderson Co 

The Tho6. Laughlln Co 



The Bridgeport Chain Co. 

The Bridgeport Stone Co 

United States Column Co 

Dr. P. F. Gahan.... 

The Snead & Co. Iron Works.. 

Building Commissioner 

Littlefleld & Marcil 

Building Commissioner 

Ly th Tile Co 

Dr. S. S. Carpenter 

Dolben & Sullivan 

.\merican <k British Mfg. Co. . . 

(Columbian Rope Co 

B. M. Jones & Co. (Inc.) 

Baston Transit Commission. . . 

Winchester Brick Co 

Hydraulic Pressed Steel Co 

Fletcher & Crowell Co 

R. W. Prescott 

Boston Transit Commission . . . 



Webb Pink Granite Co. . 
Winchester Concrete Co. 

National Tube Co 

The Thos. Laughlin Co. . 
B. M. Jones & Co. (Inc.) 
The Thos. Laughlin Co 



Boston, Mass. 

Do. 
Wejrmouth, Mass. 
Harrison, N. J. 
Philadelphia, Pa. 
Buffalo, N.Y. 
Cambridge, Mass. 
Arlington, Mass. 
Medfvd, Mass. 
New York, N. Y. 
Bridgeport, Conn. 
Boston, Mass. 

Arlington, Mass. 

Waltham, Mass. 
Williamsville, N. Y. 
Buffalo, N. Y. 

Do. 
Athens, Tex. 
Buffalo, N. Y. 
Cambridge, Mass. 
South Boston, Mass. 
Boston, Mass. 
Pittsburgh. Pa. 
Brooklyn, N. Y. 

Oardenville, N. Y. 
Boston, Mass. 
Cambridge, Mass. 
Buffalo, JN . Y. 

Do. 

Do. 
Arlington, Mass. 

Buffalo. N. Y. 
Erie, Pa. 
Boston, Mass. 
Bridgeport, Conn. 
.Jersey Citv, N. J. 
Pittsburgh, Pa. 
Portland, Me. 

Bridgeport, Conn. 

Do. 
Cambridge, Mass. 
Medford. Mass. 
Jersey City, N. J. 
Brookline, Mass. 
Dan vers, Mass. 
Brookline, Mass. 
Buffalo, N. Y. 
Boston, Bfass. 

Do. 
Bridgeport, Conn. 
Boston, Mass. 

Do. 

Do. 

Do. 
Cleveland, Ohio. 
Portland, Me. 
Dan vers, Mass. 
Boston, Mass. 



Worcester, Mass. 
Gardenville, N. Y. 
Pittsburgh, Pa. 
Portland, Me. 
Boston, Mass. 
Portland, Me. 



Mnnson Steamship Line New York, N. "Y 
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Testi made far private parties during the fiscal year ended June 30 , 1916 — Continued. 



Date. 



1916. 
Feb. 21 
23 
25 
25 
26 
29 
29 
1 



Material. 



Name. 



City and State. 



Mar. 



Apr. 



June 



2 
4 
4 



13 
16 
28 
30 
31 
1 
3 
12 
12 
18 
26 
27 
28 
May 10 
11 
13 
17 
19 
23 
6 
10 
13 
14 
15 
16 
19 
21 
29 



Cast iron . . 
Wire rings. 
Iron 



Loop-eyed rod 

Steel 

Concrete building blocks. 

do 

Steel 

do 

Cast Iron 

Shelf supports 

Stay tubes in steel plate . 



Steel i 

...do , 

Buildinff bricks I 

Interlocking tile j 

Steel 

do I 

Granite cubes 

Steel I 

do I 

Sand-lime bricks 

Bricks , 

Buoy shackles I 

Rail Joints ' 

CcHicrete building blocks 

do 

do I 

Cast iron 

Concrete building blocks i 

Extruded bronze bulb angle 

do 

Iron 

Extruded bronze bulb angle 

Steel 

do 

Concrete building blocks 

Parts for railroad track scale 

Chain 

Concrete building block 



Muirkirk Iron Corporation . . . 

Hood Rubber Co 

B. M. Jones & Co. (Inc.) 

New England Structural Co.. 

Boston Form Co 

Henry F. Metzler 

R. F. Park 

William Tod Co 

A. C. Harvey Co 

Davis & Famum Mfg. Co { 

The Snead & Co. Iron Works..' 
Kingsford Foundrv Si Machine-i 

W^ks. : 

Erie For«e Co 

New Yon: Central Lines ' 

M. F. MacDonald & Son 

Gamble & Stockton Co 

American Rolling Mill Co 

Crucible Steel Co. of America..! 

Henry M. Potter Co ' 

John W. Mitchell 

Ames Plow Co , 

Waldo Bros. (Inc.) ! 

J. R. Worcester & Co i 

Fletcher & Crowell Co I 

Atlantic Welding Corpcnation.i 

A.J. Rogge I 

Columbia Granite Block Co. . .: 

H. S. Hemingway ' 

Davis & Famum Mfg. Co 

J. A. A F. A. Walker 

Tyler, Comeau & Eames 

Sauveur <& Boylston 

B. M. Jones & Co. (Inc.) 

Tyler, Comeau & Eames 

Crucible Steel Co. of America. 
Jones <& Laughlin Steel Co. . . 

John J. Dcnaliue 

Bennington Scale Co 

The Bridgeport Chain Co 

Littlefield «& Marcil 



Muirkirk, Md. 
Watertown, Mass. 
Boston, Mass. 
Everett, Mass. 
East Boston, Mass. 
Buffalo, N. Y. 
NewtonviUe, Mass. 
Youngstown, Ohio. 
Boston, Mass. 
Waltham, Mass. 
Jersey Citv, N. J. 
Oswego, N. Y. 

Erie, Pa. 
New York, N. Y. 
Boston, Mass. 
Jacksonville, Fla. 
Middletown, Ohio. 
Harrison, N. J. 
Newark, N. J. 
Boston, Mass. 
Framingham, Mass. 
Boston, Mass. 

Do. 
Portland, Me. 
New York, N. Y. 
Arlington, Mass. 
West Somerville, Mass. 
Somerville, Mass. 
Waltham,Miass. 
Medford, Mass. 
Boston, Mass. 
Cambridge, Mass. 
Boston, Mass. 

Do. 
Harrison, N. J. 
Pittsburgh, Pa. 
Arlington, Mass. 
Bennington, Vt. 
Bridgei^Ht, Conn. 
Danvers, Miass. 



INDEX. 



Page. 

Aging of heat treated metals, investigation of 112 

Automatic pistol, .45 caliber, investigation of broken sear spring from 88 

Bands, copper rotating, tensile tests of sections from 20 

Boiler plate, cold bending on, effect of 1 15 

Brake shaft, shot truck, investigation of cause of failure of 73 

Bnuas bar, examination of 30 

hardness on 31 

Breech bushing from 14-inch gun, model of 1910, investigation of 34 

Brinell hardness perpendicular to and in the direction of forging or rolling. . 123 

Carbon content of steel as related to Charpy results 109 

Chain: 

Proof stresses applied to chain for Panama Canal 12, 15 

Proof stresses applied to sling chain .' 16 

Tensile tests of chain with shackles, pins, links, bolts and tumbuckles for 

the Panama Canal 12 

Charpy results as related to carbon content of steel » 109 

Copper rotating bands, tensile tests of sections from 20 

Covering rubber, tensile tests of 18 

Decarburization of steel castings 120 

Drills, high-speed twist, test on 26 

Driving shaft of automobile truck, investigation of material in 77 

Elevatmg screw, 14-inch D. C, model of 1907 M 1, examination of broken: ... 81, 85 

End hinge supports, 4.7-inch Howitzer caisson, examination of metal of 93 

Foulings, gun, microexamination of 114 

Gun: 

Breech bushing from 14-inch gim, model of 1910 34 

Foulings, microexamination of 114 

Rings from bore of 10-inch gun, model of 1895 Ml •. 105 

Hardness tests: 

Brass 31 

Brinell hardness perpendicular to and in the direction of forging or rolling. 123 

Heat treated metals, investigation of aging of 112 

High-speed twist drills, tests on 26 

Hinge supports, end, 4.7-inch Howitzer caisson, examination of metal from ... 93 

Hydrostatic test of one 4.7-inch shrapnel case 24 

Manila rope, tensile tests of 7 

Pistol, automatic, .45 caliber, investigation of broken sear sjaing for , . . 88 

Piston rods: 

Proof tests applied to 22 

Investigation of material in 4.7-inch Howitzer carriage, model of 1908 Ml.. 56 

Plate, boiler, effect of cold bending on , 1 15 

Private tests 130 

Projectile, 4.7-inch, investigation of punched 95 

Proof stresses: 

Chain for Panama Canal 12, 15 

Hston rods 22 

Sling chain 16 

Turnbuckles for Panama Canal 14 

Punched projectile, 4.7-inch, investigation of material in 95 

Rings from bore of 10-inch gun. No. 21, model of 1895 M 1, examination of 105 

Rods, piston, proof stresses applied to 22 

investigation of 4.7-inch Howitzer carriage, model 1908 M 1, de- 
fective rod 56 

Rope, tensile tests of: 

Manila 7 

Wire 5 

Rotating bands, copper, tensile test^ of sections from 20 
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Rubber: Page 

Covering, tensile testa of 18 

Shot truck tires, compression teste of 18 

Sear spring for .45 caliber automatic pistol, investigation of 88 

Shaft, driving, investigation of broken automobile 77 

Shot truck brake shaft, inv^atigatioii of failure ol 73 

Shot truck tires, compressioh tests of 18 

Shrapnel case: 

Hydrostatic test of one 4.7-inch 24 

Investigation to determine cause of failure of 97 

Investigation to determine proper heat treatment of 102 

Springs, compressive tests of 9 

Spring, sear, investigation of broken 88 

Steel, carbon content as refaU;ed to Charpy results of 109 

castings, decarburization of 120 

Supports, end hings, examination of metal of 4.7-inch Howitzer caisson 93 

Tests, private 130 

Tires, shot truck, compressive tests of 18 

Tumbuckles, proof tests applied to 14 

Twist drills, high speed, tests on 26 

Wire rope, tensile tests of 5 

o 



3 61 ™27 309 206 
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